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PREFACE 


The main portion of this little book appeared 
as a series of four articles in Science Pro¬ 
gress, July 1910 to April 1911: and I am 
indebted to the Editors and Publisher of 
that Review for permission to reprint. I 
must further express my grateful acknow¬ 
ledgments to Mr. A. S. Eddington, Chief 
Assistant at the Royal Observatory, Green¬ 
wich, for his very careful reading of the 
proof-sheets. An important criticism of his 
on one point of the argument is considered 
in Note XII, p. 155. 

H. 11. T. 

Univehsity Obsebvatouy, Oxfobd, 

October 21, 1911. 




THE GREAT STAR MAP 

I 

INTRODUCTION 

The simpler name “ star map ” is here 
applied to the chart generally known as the 
“ Astrographic Chart,” because this latter 
conveys a suggestion of technicality which 
is absent from the project. What astrono¬ 
mers in different parts of the world are 
really about is the making of a large and 
much more detailed map of the stars than 
has hitherto been produced. The map is 
being made by photography ; but though 
the word “ astrographic ” has been coined 
for use when photography is applied to the 
stars, the work does not involve much 
technicality that is not familiar to the users 
of an ordinary Kodak. In three details 
only does the work of the astronomer differ 
1 
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from that of the amateur photographer: 
he uses a much longer camera ; he drives the 
camera by clockwork so that it may follow 
the stars; and he takes pictures at night 
instead of in the daytime. It may per¬ 
haps be added that he uses the light emitted 
by the stars, instead of photographing 
objects by the reflected light of the sun. 
But of these details more presently. 

Let us first consider what is the nature 
of a map of the stars, as this differs somewhat 
in character from the maps of the earth’s 
surface with which we are familiar. There 
is no question of finding our way, no question 
of delimiting property, no question of show¬ 
ing hills and valleys. A map of the stars 
is of a more monotonous character, being 
practically limited to showing the exact 
positions and the brightnesses of individual 
points of light. Maps of the stars may differ 
from one another in scale, in accuracy, and 
in completeness : in scale because we may 
show two given stars separated on the map 
either by a foot or by an inch, according to 
requirements ; accuracy will have a tend¬ 
ency to be greater on the larger scale ; and 



EARLY MAPS 


S 


we may indicate either a few bright stars 
or many faint ones. We are familiar with 
the fact that there are only a few very bright 
stars, more of a degree less bright, more 
still of fainter stars; and the increase con¬ 
tinues as the luminosity diminishes, long 
after they have ceased to be visible to our 
eyes, no limit being reached even by the 
longest exposures given with our largest 
telescopes. Completeness then can only be 
a relative term. It is at present impossible 
to think of giving all the stars in the sky; 
we can only settle to give all those brighter 
than a certain fixed standard. 

The earliest maps of the stars were prob¬ 
ably made for astrological purposes; later 
they were required for the use of sailors. 
But through all the centuries so little had 
been done towards making accurate maps 
that in 1674, when there arose a question 
of finding the longitude at sea by observa¬ 
tions of the moon and stars, it was pointed 
out by Flamsteed that no sufficiently accur¬ 
ate maps or catalogues of the stars were 
available. King Charles II., to whom this 
information was brought, was thoroughly 
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alarmed at the state of affairs, and said 
that he must have the omission rectified 
forthwith. Thus was Greenwich Observatory 
established. When asked who was to take 
charge of the Observatory, the King imme¬ 
diately replied that Flamsteed, who had 
pointed out the need of such an institution, 
was the man to be put in charge. Modern 
observation of the position of the stars may 
be said to have begun at this period. Green¬ 
wich took a great step forward half a century 
later, when Bradley was made the third As¬ 
tronomer Royal and increased the accuracy 
of observation very considerably, so that 
his results have formed the basis of our 
knowledge of the positions of the stars to 
the present time. But Bradley and his 
successors for the most part confined their 
attention to the brighter stars, not con¬ 
cerning themselves with those much fainter 
than can be seen with the naked eye. There 
were two good reasons for this. In the first 
place, the number of stars required for the 
use of sailors is not large ; indeed, sailors 
themselves use remarkably few, since only the 
brightest are suitable for observation by the 
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small telescopes of their sextants. Indirectly, 
however, sailors depend upon the keeping of 
accurate time (“Greenwich time” is in use 
all the world over for determining longitude): 
and for keeping accurate time a much larger 
number of stars, called “ clock stars,” is 
required. These have had the first claim 
upon the attention of astronomers at our 
great observatories during a couple of cen¬ 
turies. A second reason for confining atten¬ 
tion to these brighter stars arises from the 
limitations of instruments. The observa¬ 
tions were generally made by watching the 
star cross the field of view, in which were 
certain spider lines for reference. Now these 
lines cannot be seen unless the field of view 
is illuminated, and a faint star is then lost 
in the illumination. In these days of electric 
light it is comparatively easy to adopt a new 
instrumental method, whci’cby the wires 
themselves (and not the background) are 
illuminated; they then appear as bright 
lines but are not sufficiently dazzling to 
obscure even a faint star, which can thus 
be observed as well as a bright one. But 
in former times this method had not been 
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sufl&eiently developed and in any case the 
brighter stars were easier to observe. For 
these reasons therefore the fainter stars have 
not attracted attention until comparatively 
recently. One motive for studying them 
came with the discovery of the minor planets, 
which dates from the first day of the nine¬ 
teenth century. It had been realised that 
there was a gap in the sequence of planets 
(as arranged in order of distance from the 
sun) between Mars and Jupiter. It was 
clear that there could not be any large 
planet in this position, for it would have 
been noticed; but there might be a small 
one, and search was made for it. The method 
of search was very laborious, since it was 
necessary to identify all the stars within a 
certain region in order that any strange 
body might be detected. It is now easy to 
accomplish this by taking a photograph of 
the region ; but at the end of the eighteenth 
century no such compendious process was 
available; the positions of individual stars 
Were then either patiently and laboriously 
measured one by one, or learned by the 
astronomer so that he could carry a picture 
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of the region in his memory. In default of 
an actual material photograph he practically 
photographed the image on his own retina. 
It is astonishing to think how much was 
accomplished by this toilsome process. Not 
one only, but hundreds of minor planets were 
discovered in this way, though not without 
difficulty and delay. Four were found at 
first in rapid succession, and then came a 
long blank during nearly half a century, so 
that it seemed as though the number were 
complete : but though this view proved quite 
erroneous, it was only after a search of fifteen 
years that Hencke, an ex-postmaster of 
Driessen, was at last rewarded by another 
discovery. Since that time the number has 
been extended almost continuously, so that 
we now know nearly seven hundred of these 
tiny bodies. From the circumstances at¬ 
tending the discovery and the subsequent 
observation of them has arisen one need for 
charting the places of the fainter stars. The 
easiest way to record the movements of these 
small bodies is to measure their distances 
from adjacent faint stars, which can only 
be effective when we know the places of the 
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stars themselves. This led astronomers to 
undertake the great work of charting the 
zone of the heavens called the Zodiac, in or 
near which all the planets move. Such an 
enterprise was started at Berlin early in the 
nineteenth century; another, initiated by 
Chacornac many years later, was continued 
by the brothers Henry of Paris, who ulti¬ 
mately took the great step of employing 
photography in the work ; and this led 
directly to the inception of the scheme we 
are now considering. 

The introduction of the photographic 
method was at first fitful and tentative. 
Apparently the earliest attempts were made 
in America by the Bonds and by Rutherfurd. 
It is curious now to read of the difiQculties 
in obtaining impressions of any but the 
brightest stars in the old days of wet plates. 
The wet plate of course was not nearly so 
sensitive as the dry plate; also it could 
only be exposed for a limited time before 
it dried up, and dming sueh limited expo¬ 
sures only the brightest stars left an image 
upon it. Even the wildest hopes of these 
early pioneers in forecasting the future fell 
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far short of what is now easily attainable: 
witness the following extract ‘ from a letter 
of George Bond to the Hon. William Mitchell, 
Nantucket, dated from Cambridge (Mass.) 
July 6, 1857 : 

“ As far as I am informed, the attempt 
to photograph the fixed stars by their own 
light has been made nowhere else up to the 
present date. The rumour of a daguerreo¬ 
type of a nebula made in Italy some years 
since, was unfounded. . . . 

“ About seven years since (July 17, 1850) 
Mr. Whipple obtained daguerreotype im¬ 
pressions from the image of a Lyres formed 
in the focus of the great equatorial and sub¬ 
sequently from Castor, thus establishing a 
simple but not uninteresting fact—^the possi¬ 
bility of such an achievement. On these 
occasions a long exposure of one or two 
minutes was required before the plate was 
acted upon by the light. . . . 

“ Messrs. Whipple and Black recom¬ 
menced their trials on other images (taken 

^ Memorials of William Crunch Bond, Director of the 
Harvard College Observatory 1840-59, and of his son George 
Phillips Bond, Director of the Harvard College Observatory 
1859-65, by Edward S. Holden (Leiixcke <& Buechner, New 
York, 1897), p. 155. 
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by the collodion process) in March of the 
present year and they are still in progress. 

. . . Could another step in advance be taken 
equal to that gained since 1850, the conse¬ 
quences could not fail of being of incalculable 
importance in astronomy. The same object 
a Lyrce, which in 1850 required 100“ to 
impart its image to the plate, and even then 
imperfectly, is now photographed instan¬ 
taneously with a symmetrical disc fit for 
exact micrometer measurement. We then 
were confined to a dozen or two of the 
brightest stars whereas now we take all that 
are visible to the naked eye. Even from 
week to week we can distinguish decided 
progress. ... At present the chief object 
of attention must be to improve the sensi¬ 
tiveness of the plates, to which I am assured 
by high authorities in chemistry there is 
scarcely any limit to be put in point of theory. 
Suppose we are able finally to obtain pictures 
of seventh magnitude stars. It is reasonable 
to suppose that on some lofty mountain and 
in a purer atmosphere we might, with the 
same telescope, include the eighth magni¬ 
tude. To increase the size of the telescope 
threefold in aperture is a practicable thing 
if money can be found. This would increase 
the brightness of the stellar images, say 
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eightfold, and we should be able then to 
photograph all the stars to the tenth and 
eleventh magnitude inclusive. There is 
nothing then so extravagant in predicting a 
future application of photography to stellar 
astronomy on a most magnificent scale, 

• • • • • 

“ P,S,—I find I have forgotten to allude 
to two important features in stellar photog¬ 
raphy—one is that the intensity and size 
of the images taken in connection with the 
length of time during which the plate has 
been exposed measures the relative magni¬ 
tudes of the stars. The other point is that 
the measurements of distances and angles 
of position of the double stars from the 
plates, we have ascertained by many trials 
on our earliest impressions, to be as exact 
as the best micrometric work,” 

The letter is a remarkable one for the 
date. The three forecasts of improvement 
—increased sensitiveness in plates, larger in¬ 
struments, and better climate—have all been 
realised within fifty years. There are two 
mountain observatories in California ; there 
is a 40-inch lens, nearly three times the size 
of the 15-inch Harvard equatorial, at the 
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Yerkes Observatory, and two 5-foot mirrors 
represent an even greater advance; there 
has been also an enormous increase in sensi¬ 
tiveness of plates. It was in this last par¬ 
ticular that Bond failed to allow sufficient 
play to his imagination, as instead of an 
increase represented by one stellar magni¬ 
tude we have more than ten times that 
estimate. But Bond’s discernment was 
otherwise so great that this slight failure 
may be pardoned. His postscript shows that 
he realised even thus early the accuracy of 
the photographic method, and in this his 
judgment agreed with that of L. M. Ruther- 
furd, who set to work to measure his photo¬ 
graphs systematically and soon found that 
they recorded the positions of the stars more 
accurately than the best apparatus would 
measure them. In using a micrometer screw 
he found, though he had provided himself 
with the best one available, that its errors 
were sufficiently large to prevent his doing 
justice to the photographs. He therefore 
turned aside from his original project to the 
construction of a better screw, and ultimately 
made a screw so accurate that his attention 
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was again distracted towards the completest 
possible test of its accuracy. This he found 
in the ruling of very fine lines close together 
on metal—several thousands within an inch 
—^the result being what is called a grating, 
which can be used like a prism to spread 
out light into a spectrum. This work was 
so engrossing that Rutherfurd never seri¬ 
ously returned to his original purpose of 
measuring star photographs; but many of 
his have been measured since, and have 
shown clearly how correct was his judgment 
of the accuracy of the photographic method. 
In spite of this accuracy, however, the in¬ 
convenience of the wet plate long delayed 
serious use of the method for the deter¬ 
mination of star places. Photographs of the 
sun (requiring only a momentary exposure) 
were taken showing the spots, and measures of 
spot positions were made on these and found 
satisfactory. But a sun spot is an irregular 
object having no very definite position and 
does not afford a very severe test of accur¬ 
acy ; consequently this work failed to draw 
the attention of astronomers to the full 
resources at their command. 
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The complete change in attitude came in 
a rather sensational manner on the appear¬ 
ance of the great comet of 1882. This comet, 
which was quite a respectable object in the 
Northern Hemisphere, was much more mag¬ 
nificent in the Southern. The dry plate had 
by this time made photography easy, and 
many members of the public who had 
become possessors of cameras essayed to 
photograph the comet only to be disap¬ 
pointed by finding that the rotation of the 
earth, carrying them and their cameras 
with it, was sufficient to spoil their pictures. 
Thereupon Sir David Gill, then H.M. Astron¬ 
omer at the Cape, invited one of them to 
come to the Observatory and to strap his 
camera to the equatorial telescope (which 
was fitted with clockwork to counteract the 
earth’s motion); immediately some beau¬ 
tiful pictures of the comet were obtained, 
and not only of the comet but of the sur¬ 
rounding stars. The number of stars shown 
on the photographs was indeed striking, and 
attracted widespread attention. The late 
Dr. Common of Ealing, who had been con¬ 
structing telescopes for himself, without 
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however any definite intention of using them 
photographically, immediately turned them 
to this new purpose and obtained some 
beautiful pictures of nebulse. The brothers 
Henry in Paris saw the possibility of sub¬ 
stituting the new process for the immensely 
laborious method by which they had been 
making their ecliptic charts; but in their 
case the change could not be made so easily, 
as their telescope had been made for visual 
work and could not immediately be used 
photographically. The difficulty arises from 
the existence of numerous colours in white 
light, the colours with which we are familiar 
in the rainbow. When looking through a 
telescope with the eye we use chiefly rays 
nearly yellow in colour, whilst the photo¬ 
graphic plate is sensitive to blue and violet. 
Now a lens cannot be constructed to focus 
all these rays at the same time, and conse¬ 
quently for photography a new lens must 
be made which will focus the blue and violet 
light instead of the yellow. There are ways 
of avoiding this difficulty which may be 
briefly mentioned. In the first place if we 
use a mirror which brings the rays to focus 
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by reflection, instead of a lens which com¬ 
bines them by refraction, no colour difficulty 
arises. (It was for this reason that Dr. 
Common was able to use at once for photog¬ 
raphy the reflecting telescope which he had 
originally built for eye observation.) Sec¬ 
ondly, modern improvements in the con¬ 
struction of photographic plates have made 
them sensitive to yellow light under certain 
conditions, so that visual telescopes can be 
used to take photographs if a yellow screen 
cuts out the unfoeussed blue rays, leaving 
only those for which the telescope has been 
properly focussed. When a suitable plate 
is then put behind the screen, pictures of 
the moon and stars can be and have been 
obtained quite as good as those obtained 
with a telescope specially made for photog¬ 
raphy. But in 1882 this had not been 
realised, and the Brothers Henry saw no 
way of using the new and promising photo¬ 
graphic method but to make a new lens 
specially adapted for it. This they set about 
with great skill and determination. After 
a ew trials on small lenses they at last 
ceeded in producing a photographic lens 
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of 18 inches aperture, a veritable triumph 
of optical workmanship at that time. They 
were of course amateurs at the work. 
Admiral Mouchez, the Director of the Paris 
Observatory, gave them every encourage¬ 
ment and put at their disposal such resources 
as he had available; but their workshop 
was after all a mere shed. I have often 
heard Dr. Common speak with amusement 
of his visit to the workshop which had 
turned out to the admiration of the world the 
first successful photographic refractor—^the 
modest building and the humble appliances 
were so surprising. We are reminded of the 
simple apparatus with which great experi¬ 
menters like Faraday have often achieved 
the most remarkable results. 

It was the work of the lens thus produced 
by the Henrys that led directly to the in¬ 
ception of the project we are considering. 
The specimen maps of small regions of the 
sky which they soon obtained suggested 
the possibility of producing such maps for the 
whole sky. The work contemplated was no 
child’s play. At least 10,000 maps would be 
required to cover the whole sky; and a 
2 
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labour of this magnitude was beyond the 
resources of a single observatory. Corre¬ 
spondence between Sir David Gill—^under 
whose direction the comet photographs had 
been taken—^and Admiral Mouchez, who had 
encouraged the work of the Henrys, led 
ultimately to the assembling of a great 
international Conference at Paris in 1887. 
It was a remarkable meeting, the first of 
its kind in the history of astronomy ; and 
it has shown the way for subsequent gather¬ 
ings which have already made their mark 
upon that history. Conferences of a similar 
kind have since been held in 1889,1891, 1896, 
1900; and after a long interval in 1909. 
On all these occasions the French have acted 
as hosts and have discharged these duties 
with a cordiality and hospitality that has 
never failed to impress their colleagues from 
the most distant parts of the world. It 
would be difficult indeed to imagine a more 
pleasing centre for our meetings than Paris, 
or a nation more admirably adapted to play 
t e part of hosts than the French ; and they 
ave been rewarded by an increasing success 
la the gatherings. At the last meeting it 
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became clear that the assembly had 
developed from a mere collection of those 
interested in a particular project into an 
organisation of the world’s resources for the 
promotion of the astronomy of position. 
The physical side of astronomy has recently 
been organised on somewhat similar lines 
(profiting no doubt by the example provided), 
and the existence of these two great organ¬ 
isations will have a notable effect in econo¬ 
mising our labours in the future. In 1887 
such an important outcome was scarcely 
anticipated: attention was then concen¬ 
trated on the immediate task before the 
assembly, which was a difficult one in every 
way. Astronomers from distant quarters of 
the globe,' speaking different languages, none 
of them with much experience of photo¬ 
graphy or of its possibilities, but most of 
them with opinions more or less formed, 
met together to try and secure unanimity, 
not only in generalities but equally in small 
details. We need not be surprised at some 
of the results. The discussions were, to say 
the least of it, animated. There are no uni- 
1 S0e_^N‘ote I, 
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versal rules for conducting public business, 
and astronomers of one country were not 
familiar with rules in use elsewhere. It in¬ 
terested Englishmen, for instance, who are 
accustomed to have resolutions moved by 
any one rather than the chairman, to learn 
that this was by no means a universal rule- 
On the contrary, the chairman of the first 
conference considered it part of his duties to 
move all the resolutions. After listening 
to a discussion, he took it to be his function 
to summarise the sense of the meeting in a 
resolution which he put from the chair and 
in favour of which he held up his own hand.. 
Unfortunately for his success his was some¬ 
times the only hand held up, and the dis¬ 
cussion was necessarily resumed. Another 
feature of such discussions on the Continent 
is a little strange to our insular prejudices 
but might perhaps be adopted by us with 
advantage. Occasions sometimes arise when 
the collision of contrary opinions produces 
considerable heat, and there is an obvious 
desire on the part of two gentlemen (or 
even more) to speak at the same time. On 
such occasions the chairman rings a bell and 
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declares the sitting intermitted for a few 
minutes. What has been public discussion 
can now be developed as private conversa¬ 
tion. Expositors of opposite views who 
have been addressing one another excitedly 
across the width of the room may now rush 
together and arrive at a better understanding 
at close quarters. The effect of such an 
opportunity soon becomes evident when 
after a few minutes’ interval the chairman 
again rings his bell—a calm has succeeded 
to the storm and not infrequently it is 
possible to crystallise out a resolution. 

Let us glance at one or two of the matters 
which had to be decided in 1887.^ The first 
and most important was the choice of an 
instrument or instruments—^for it was a pre¬ 
liminary question whether the same pattern 
should be used by all those co-operating in 
the work. This preliminary question, how¬ 
ever, was soon settled in the affirmative. 
All were to use similar instruments ; and 
now what were they to be ? Should they 
be reflecting telescopes, as used by Dr. Com¬ 
mon, refracting telescopes as made by the 


1 See Note II. 



22 


INTRODUCTION 


Brothers Henry, or refracting telescopes of 
a different pattern, and more closely similar 
to camera lenses as advocated by Professor 
Pickering of Harvard ? 


The advantages of the reflector were that 
it was cheap and that it existed. It is cheap 
because there is only one surface to be 
polished. Reflectors used to be made of 
speculum metal polished to a concave form ; 
such were, for example, the great telescopes 
of Sir William Herschel and of Lord Rosse: 


nowadays instead of metal we use glass 
silvered on the face (not on the back as in 
a domestic looking-glass): but in either case 
there is only one surface to be prepared 
optically. Now with lenses there are tw^o, 
four, or even more surfaces, all of whicli 
must be optically true. Moreover the glass 
must be entirely free from blemishes ; if 

whXV"/ substance of the glass 

which forms a mirror it is behind the rc- 

bm 1 f “age; 

ail to produce its effect. Hence a lens is 
always much more co«!tl\r fK 
the sam*^ ^ mirror of 

, greatest telescopes 
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in the world have always been reflecting 
telescopes. Lord Rosse’s 6-foot mirror has 
not yet been surpassed in size, although 
Dr. Common and Dr. Ritchey have both 
succeeded in making mirrors of 5 feet, and 
a mirror of no less than feet diameter is 
proposed ; but the largest lens in the world 
is the Yerkes of 40 inches. Hence it could 
not fail to impress the conference of 1887 
that the more economical instrument would 
be a reflector ; moreover several such reflec¬ 
tors were already in existence and could, so 
it was hoped, be utilised without further 
expense. Thus at Oxford there was a re¬ 
flecting telescope, which Dr. De la Rue had 
presented to the University Observatory, 
and with which Professor Pritchard hoped to 
take a share in the project: if it were decided 
to use a different pattern of instrument his 
hopes would be disappointed unless he could 
obtain the money necessary to purchase one 
of the adopted pattern. 

As regards the two forms of refracting 
telescope, the refractor and the doublet, that 
advocated by Professor Pickering was the 
more expensive and the less known. In the 
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light of our modern knowledge of its advan¬ 
tages (especially for the purpose of covering 
a larger area of the sky at once) it is very 
strange to find so little in support of it in 
the accounts of the discussion. It seems to 
have been put aside almost at once, in spite 
of the letter urging its adoption from Pro¬ 
fessor Pickering. The chief reason for this 
was undoubtedly lack of information as to 
the accuracy with which plates taken by 
such an instrument would give the places 
of the stars. Specimen photographs taken 
by the Brothers Henry with the othei' foi'in 
of refractor had been measured and shown 
to be very satisfactory, but there was no 
corresponding information about the “ doub¬ 
let as this third form of instrument is now 
usuaUy called. Hence the doublet was put 
start and the choice was 
ma e between the reflector and the simple 
refractor. 


The decision fell upon the latter. The 
m proved to be a wise one and it 

martt remember that it was 

Thisw^^i ^orimonious discussion, 

arge y due to Dr. Common himself. 




THE ASTROGRAPHIC TELESCOPE 

who might perhaps have been expected to 
lay stress on the particular advantages of 
his own special instrument. His experience 
however had impressed him rather with its 
defects, especially with its uncertainty. This 
uncertainty is not due to the instrument 
itself so much as to our fitful climate: the 
reflector is so seriously influenced at times 
by air currents and changes of temperature 
as to be an instrument of moods and Dr. 
Common has accordingly compared it, some¬ 
what ungallantly, to the female sex. He 
himself took the initiative in recognising that 
the Conference should adopt for a work of 
such magnitude the more trustworthy re¬ 
fractor as made by the Brothers Henry; a 
straightforward course which had its due 
effect on the formulation of a decision. There 
are now therefore a score ^ of such instruments 
scattered about the world, varying a little 
in non-essentials but all closely resembling 
one another in the size of the lens (which is 
13| inches in diameter) and in the focal 
length of the telescope (which is about llj 
feet). The focal length is actually defined 


^ See Note III. 
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to be that which represents one minute of 
arc by a millimetre on the photographic plate. 
This simple relation between the minute and 
the millimetre was suggested by the brothers 
Henry, and it has been found so useful that 
it has been retained in other cases. For 
instance Dr. Common made his 30 inch 
mirrors of this same focal length—^the mirrors 
at Greenwich and at Helwan (in Egypt), 
which have recently taken such beautiful 
pictures of comets, and shown their power 
of detecting very faint satellites. 

Another very important decision taken 
by the Conference of 1887 had a rather 
curious history. It arose from the ignorance, 
at that time, of the behaviour of a photo¬ 
graphic film and the fear lest it should 
shrink in drying or otherwise become dis¬ 
torted. Experience of photography gener- 
ally as for instance the taking of portraits 
or landscapes—^was sufficient to show that 
such distortion was at any rate not large; 
but in astronomy we are concerned with 
very minute quantities, and it was not 
own whether minute disturbances might 
not affect the relative positions of the images 
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on the plate. Accordingly it was proposed 
to imprint upon each plate a series of accur¬ 
ately ruled cross-lines called a reseau. They 
were to be photographed on the plate before 
development by exposing it to an artificial 
light behind a silver matrix (a flat plate 
coated with silver ruled with such lines); 
on development the lines appear together 
with the star images, and if the film has 
shrunk during any of the processes of de¬ 
velopment, fixing, washing, etc., these lines 
will have shrunk sympathetically and will 
be no longer straight or at exactly equal 
distances as they were in the matrix. We 
have now learned that such shrinkage is so 
very small as to be negligible, at any rate 
for the purposes of our star map ; indeed, 
even in the most minute investigations it 
is easier to neglect the shrinkage as acci¬ 
dental in character than to investigate it. 
Accidental errors can be obviated by taking 
another plate (or a number of other plates) 
and so far as our present experience goes 
the whole series of plates is very unlikely 
to be affected by any common or systematic 
error. Hence the function assigned to the 
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reseau was due to a misapprehension and 
it has never been used for the purpose 
originally proposed. Fortunately it has been 
of immense value in another way. The lines 
have served as reference marks in deter¬ 
mining the places of the stars with facility. 

To measure the distance between one image 
and another we might have used a long 
screw carrying a microscope. Screws can 
now be made very accurately if necessary ; 
Rutherfurd’s work laid the foundations of 
such accuracy. But they are costly ; their 
use over a large range takes time in turning 
the screw through many revolutions; and 
continual use is apt to wear away the screw 
and render it no longer accurate. Hence it 
is preferable to use another method in which 
the distance to be measured is compared tl 
with an accurately divided scale, a screw 
being used over a short distance only to 
connect the stars with divisions of the scale : 
and the reseau has practically supplied an 
accurate scale in both directions for the 
rapid measurement of star positions on 
the plate. 

We may pause here to remark that the 
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term “ map ” when applied to the present 
project must be used in a rather compre¬ 
hensive sense. The scheme includes not 
only the pictorial representations on the 
plates or on any prints made from them, 
but also the measurement of these plates 
and the publication of the measures of the 
individual stars. We can if preferred use 
a descriptive name for these measures. The 
printed books containing them are often 
called the Astrographic Catalogue as opposed 
to the prints, which are the Astrographic 
Chart proper ; but the whole project is really 
one and the same, although the usual process 
adopted in making a terrestrial map is here 
inverted. Surveyors of the face of the earth 
make careful measurements first and then 
plot them on a map; that too was the method 
of astronomers before the days of photog¬ 
raphy. Now, however, we first take photo¬ 
graphs and then measure them ; but the 
project would be incomplete without both 
measures and charts. An illustration may 
be given of the risk involved in using one 
of these methods alone from the practice 
of Egyptian surveyors. They have been 
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accustomed by centuries of tradition to 
enter their measurements of land in books 
without proceeding to make a map. It is 
only within the last few years that the 
Eygptian survey under Captain Lyons made 
maps for the first time of the landed property 
in Egypt; and when these beautiful maps 
were exhibited in Cairo thousands of land- 
owners saw their property thus represented 
for the first time. When the maps came to 
be made the disadvantages of the old plan 
soon became apparent; some pieces of land 
had been recorded twice over while others 
had been omitted altogether. We can 
easily see how these mistakes crept into the 
numerical records, though it is not quite so 
easy to understand how one class of them 
at least remained undetected. That those 
who escaped from taxes altogether made no 
complaint is intelligible, but what of those 
who paid twice over ? We get a glimpse of 
the submissiveness of the East to their rulers. 
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The map is to be a record of the positions 
of all stars brighter than a certain standard, 
and will indicate the approximate brightness 
of each star. Before following the history 
of the project further, it is desirable to con¬ 
sider what are the problems which may be 
solved by the accximulation of such infor¬ 
mation and cannot be solved without it. 

What can we learn, it may well be asked, 
of the great universe of stars from observa¬ 
tions made under the severe restrictions 
which limit astronomers ? We are perma¬ 
nently bound to a small satellite attendant 
upon one of the stars ; other stars are at 
distances so vast that their movements are 
only discernible with difficulty : can we learn 
anything at all about their arrangement in 
space ? 

At first sight the inquiry might seem well- 
31 
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nigh hopeless, but with a little persistence 
we find that the chances of learning some 
essential facts are not to be despised : some, 
it is true, can be learnt only after centuries 
of labour, but there are one or two which 
have been established without very much 
trouble. For instance, it does not take long 
to satisfy ourselves that the stars are not 
scattered simply at random through space: 
it may take a long time to find out what 
their particular arrangement is, but we feel 
confident that there is some arrangement 
for reasons which may be indicated as 
follows. 

The stars have been divided into classes 
according to their brightness, such that each 
class (or “ magnitude ”) is fainter than the 
one above it in a constant ratio. There is 
of course no sharp distinction obvious in 
the sky between one class and the next: the 
brightnesses vary by imperceptible steps, 
the abruptness of class division being en¬ 
tirely artificial. But it will make the argu¬ 
ment simpler, and obscure nothing, if for 
the moment we suppose these class divisions 
made quite abruptly : let us imagine all the 
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stars in each class to be exactly of the 
average brightness of the class, instead of 
grading off by small stages into the classes 
above and below. Now there is overwhelm¬ 
ing evidence that these differences in bright¬ 
ness are partly actual differences in the stars 
themselves and partly the effect of distance. 
It is certain that the stars are not all at the 
same distance from us ; it is just as certain 
that, if they were, they would not appear 
of the same brightness. Taking any par¬ 
ticular star of magnitude 2 say and dis¬ 
tance 10, we could make it appear of the 3rd 
magnitude by removing it to distance 16, 
of the 4th magnitude by removing it to 
distance 25, of the 5th to distance 40 and 
so on. Let us suppose spherical surfaces 
described about the earth with radii pro¬ 
portional to 

10 16 25 40 63 100 160 250 etc. 

[This series is determined by the convention 
about star magnitudes and we need not stop 
to explain it: but it will be noticed that 
after five terms it is repeated on ten times 
the scale ; there is no difficulty in continuing 
3 
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it indefinitely both ways by means of this 
principle.] And now let us suppose all the 
stars in the neighbourhood of these successive 
surfaces to be actually collected upon them, 
which will save us the inconvenience of in¬ 
termediate grades. Then if the stars had 
happened to be all of the saine intrinsic 
brightness, those on the first surface (with 
radius 10) would appear to us of the 2nd 
magnitude; on the second surface (16) of 
the 8rd; on the third surface (25) of the 
4th and so on. The difference in magnitude 
would be pTirely apparent and simply an 
effect of distance. This, as already re¬ 
marked, is far from being the case ; but 
before dismissing the possibility we will 
consider an important consequence of it. 

The number of stars on the successive 
surfaces will increase rapidly outwards. The 
surfaces themselves increase in area and the 
distances between them also increase : so 
that if the stars are scattered through space 
impartially, the number due to each surface 
■will increase from both causes. A little cal¬ 
culation shows that the resulting increase is 
as the cube of the radius, so that if there 
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were 1,000 (or 10^) stars on the first shell 
of radius 10, we should find 4,096 (or 16®) 
on the next shell of radius 16, which is about 
4 times as many : on the next shell of radius 
25 we should find 15,625 (or 25®), which is 
again about 4 times the number. Had we 
taken more accurate figures for tlie succes¬ 
sive distances, instead of only approximate 
values, we should have found a constant 
ratio, slightly less than 4, for the numbers 
on successive surfaces : that is to say, that 
on this erroneous hypothesis of stellar bright¬ 
ness being merely an effect of distance, we 
should expect to find 4 times as many stars 
of the 3rd magnitude as of the 2nd : 4 times 
as many of the 4th as of the 3rd: 4 times 
as many again of the 5th : and so on con¬ 
tinually. Now this expectation is not ful¬ 
filled : the ratio is nearer 3 than 4, as the 
following figures (taken from Newcomb’s The 
Stars : a Study of the Universe, p. 54) show : 


Magnitude. 

Number of Stars. 

Eatio to Preceding. 

2 

52 

— 

3 

157 

3*01 

4 

500 

3-22 

5 

1740 

3-40 

0 

5171 

2-97 
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[We begin with the second magnitude be¬ 
cause brighter stars are so few that the 
numbers have an accidental character,] 

What reason can be assigned for this dis¬ 
crepancy between expectation and observa¬ 
tion ? The one first to be suspected is that 
the considerable assumption just made, that 
the stars are all of the same intrinsic bright¬ 
ness, is not correct and is answerable for the 
discrepancy. But on examination we very 
soon find that error in this assumption can 
only increase the discrepancy and is without 
effect in diminishing it. Suppose for sim¬ 
plicity there were two kinds of stars, one 
much brighter intrinsically than the other. 
It will remind us that the difference is in 
the stars themselves, not an effect of dis¬ 
tance, if we use two special words such as 
“ brilliant ” and “ glowing ” to distinguish 
them. Then in the first shell there will be 
say 50 brilliant and 50 glowing stars (the 
numbers are only illustrative). Of these the 
brilliant stars will appear of the second mag 
nitude say, the glowing stars of the third. 
We shall thus recognise 50 stars only of the 
second apparent magnitude, for the more 
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distant brilliant stars will be fainter than 
this and the glowing ones fainter still. 
Coming to the second shell, we should expect 
to find 4 X 50 or 200 brilliant stars which 
would now appear as of the 3rd magnitude ; 
and 4 X 50 glowing stars appearing of the 
4th. Thus altogether we should recognise 
as of the 3rd magnitude the 200 brilliant stars 
of the second shell and the 50 glowing stars 
of the first, making 250 or 5 times the 50 of 
the 2nd magnitude. Splitting up the stars 
into two classes has thus enhanced the ex¬ 
pected ratio 4 in this instance and made it 
5. If we go to the next magnitude we shall 
find that the ratio returns to 4 and remains 
at 4 ever afterwards : it is therefore only 
altered for one step, but this alteration is 
an increase ; there is no diminution available 
for explaining the observed drop towards 3. 

We have taken a very simple case ^ : but 
its characteristics are maintained in the most 
complex cases we can devise. They may 
be stated thus r just as the ratio 4 was dis¬ 
turbed for the first two magnitudes by divid¬ 
ing the stars into two classes, so if it be 

1 Soe Note XII. 
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assumed that there are n classes of diminish¬ 
ing intrinsic brilliance (according to steps 
of a magnitude each), the ratio will be dis¬ 
turbed for the first n magnitudes, after which 
it will return to 4. In whatever way it be 
disturbed, it is increased and not diminished. 

This avenue of escape is therefore closed 
and another must be found. Perhaps the 
figures used are wrong ? It is not likely 
that the counts are wrong, for they have 
been gone over many times; but is it certain 
that the drop of a magnitude in brightness 
is identified correctly ? Accurate measures 
of brightness are not easy to make, as we 
find in everyday life in connection with 
candle-power tests : they are harder still for 
faint lights such as the stars and the diffi¬ 
culties increase as we pass to fainter and 
fainter stars. We shall presently have to 
consider these difficulties in connection with 
the project of the Great Star Map itself. 
But for the moment it need only be pointed 
out that it seems unlikely that the discrep¬ 
ancy under investigation is attributable to 
such a cause. It is easy to calculate what 
must be the error in estimation of a whole 
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magnitude if such were the case : to make 
the ratio 3j instead of 4 we should have to 
be 20 per cent, wrong in the measure of 
magnitude, so that we should be estimating 
erroneously as a difference of 6 magnitudes 
what was really only 5. No human measures 
are perfect but, for reasons which it would 
take too long to give here, it is practically 
certain that our estimate is not so wrong 
as this. 

We must go back to an earlier assumption 
that the stars are scattered impartially 
through space; this cannot be the case, at 
any rate in the neighbourhood of our sun. 
We have so far been considering only the 
brighter stars (roughly speaking those visible 
to the naked eye) and these must be nearer 
to us (other things being equal) than the 
fainter. It is after all not unnatural that 
in the neighbourhood of our sun the stars 
should not be scattered at random : for we 
see in the sky many “ clusters ” of stars 
and it is not unreasonable to suppose that 
our sun may belong to such a cluster or 
cloud of stars. The result would be an 
excess of stars near us and therefore bright; 
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and to see that this will explain the observed 
facts we have only to turn our argument 
round. Hitherto we have argued from the 
number of bright stars how many faint ones 
there ought to be, and found the estimate 
deficient: if we start with the observed 
number of faint stars and calculate how 
many bright ones there should be we shall 
find them in excess, and the excess is due 
to the solar cluster. As an illustration, sup¬ 
pose we start with the number of stars of 
the 6th magnitude in the table given above 
and divide continually by 4, we get: 


Magnitude. 

ITumber of Stars. 

Excess due to Solar 
Cluster. 

Calculated. 

Observed. 

6 

(6171) 

5171 

(0) 

5 

1293 

1740 

447 

4 

323 

606 

183 

3 

81 

157 

76 

2 

20 

62 

32 


and we have accordingly assigned 738 stars 
to the solar cluster. We have not much 
guidance as to the accuracy of this crude 
®^PPOsition but it is certainly well within 
the limits suggested by other clusters. On 
a photograph taken at the Yerkes Observa- 
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tory of the great cluster in Hercules, Mr. W. 
E. Plummer measured over 2,000 stars clearly 
belonging to the cluster; and just as this 
particular plate recorded more stars than 
others taken with inferior instruments, so a 
further improvement on the great Yerkes 
telescope would probably show an increase 
in the number of members of the cluster. 
There is every chance that the advance has 
already been made. Within the last few 
months we have seen the first results of the 
new 60-inch reflector of the Solar Observa¬ 
tory established by the Carnegie Institution 
on Mount Wilson, Cal., U.S.A. They are 
wonderful examples of what may be done 
in a really fine climate by a master in the 
constniction and use of instruments. For 
the moment the latest photograph of the 
cluster in Hercules is not available. But 
we are indebted to Professor Ritchey for 
permission to reproduce his picture^ of 
the globular cluster in Canes Venatici, which 
admirably illustrates our text. There is no 
reason why a single cluster should not con¬ 
tain millions of stars ; from this point of 

1 See Frontispiece. 
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view, instead of the limits of our cluster 
being reached at about the 6th magnitude, 
there is no reason why they should not 
extend to the 7th, 8th or even much fainter 
magnitudes. But there are two considera¬ 
tions which make us hesitate to extend very 
far in this direction. The first is that by 
doing so we diminish the resemblance to other 
observed clusters in an important particular. 
In the clusters which we see in the sky the 
stars are thickest in the central portions. 
The law of condensation towards the centre 
has not been exactly formulated fthere is 
room for an interesting research here) : but 
something has been done, for instance, by 
Mr. Plummer in his paper ^ on the Hercules 
cluster; from the figures he gives we can 
infer that if an observer could be placed at 
the centre of the cluster to count the number 
of stars of successive magnitudes (as we 
have been doing for the stars visible from 
the earth), then the numbers would increase 
very slowly indeed. The ratio, instead of 
being 4 or 3, would probably be less than 2. 
Now, if we look at the numbers assigned to 

^ Mon. Not. R.A.8. Ixv. p. 812. 
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our “ solar cluster ” by the crude supposition 
just made, we shall find that the ratio is 
greater than 2. We can reduce it by re¬ 
ducing the dimensions of the cluster (suppos¬ 
ing the cluster to extend no further than 
the 5th magnitude, say) but the more we 
extend the cluster the greater we make this 
ratio. Hence this is, so far as it goes, a 
reason for moderation, though it must be 
admitted that the first argument is not very 
conclusive. 

The second and more serious consideration 
is that, however far we extend the “ solar 
cluster,” we do not remove the chief diffi¬ 
culty. The ratio of the number of stars of 
any magnitude, to that of one magnitude 
brighter, obstinately refuses to rise up to 4, 
however far we count. The counting soon 
becomes very laborious, as may be seen from 
the figures already quoted : we have over 
5,000 stars of the 6th magnitude, which 
means approximately 20,000 of the 7th, 
80,000 of the 8th and so on ; two more steps 
take us into the millions. It will cause no 
surprise that the counting has then to be 
done by inference from samples in different 
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paits ol the sky, and is no longer complete , 
but even the impel fections of the counting 
fail to suggest any escape fioin the conclu¬ 
sion that the latio is sensibly less than 4 
Does then the “ solai clustei ” extend m 
definitely ? This would be only anothei 
way of saying that the whole umveise is 
aiianged with lefeience to oui sun and its 
system A few centuries ago it was natuial 
to put oui selves at the centie of all things 
and toiegaid theuniveise as a meie append¬ 
age but we have outgiown this instinct 
and we now feel suspicious of any suggestion 
which assigns special impoitance to oui own 
position The evidence of the stai counts 
IS veiy striking but befoic accepting it as 
conclusive we feel bound to inquire whethei 
it may not be susceptible of anothei inter 
pretation 

One such inteipietation at least is open 
to us, and oui familiar expeiiences m a fog 
aie enough to suggest it We know how a 
mocleiate fog limits oui visible umveise in 
all diiections m fiont, behind, to the light, 
to the left, upwaids—downwaids the eaith 
anticipates the limit but fiom a balloon the 
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exception would be lemoved—'in all diiec- 
tions theie seems to come an end to oui 
suiioundmgs at about the same distance 
II we move about, objects appeal suddenly 
Within this chaimed circle in fiont and leave 
it as suddenly behind us Weie it not foi 
oui independent knowledge, we might be 
lieve that we weie the centie of all things 
as it IS, we attribute the appearance of cen 
tiality to the fog Even if the fog weie not 
m othei ways obvious—if, for instance, it 
weie night time and the fog weie too thin 
to nutate oui nostiils—^we might infei its 
existence fiom the fact that the stieet lamps 
seemed only to extend to a ceitain distance, 
instead of being visible indefinitely 

A closely similar explanation can be given 
of the appealaiice^of centiality suggested by 
the stai counts the universe may be filled 
wilh a slight fog It must, of course, be so 
extiemely tenuous that the name fog is 
completely unsuitable, foi that name sug¬ 
gests to us something which quenches light 
veiy lapidly, so that within a few yards 
(sometimes within a few inches) the blight 
ness of a light would be leduced to one half 
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The “ fog ” m space must lequue at least 
thousands of billions of miles to effect the 
same ieduction to one half The size of 
these flguies does not mean that they aic 
hopelessly vague indeed we aie almost in 
a position to say that the numbei of thou 
sands of billions must be gieatei than 4 and 
less than 40, foi vaiious independent dis 
cussions of this most impoitant matiei have 
been made lecently, and they all point to 
figuies within the limits lust specified 
Fiom the star counts alone we could not 
infei the existence of this light extinguishing 
medium, which we may continue to call a 
“ fog ” foi bievity At any late the alter 
native of a limited univeise would have equal 
claims to considelation But the evidence 
foi the fog has been steadily glowing In 
the first place we have had before oiii eyes 
for centuiies the spectacle of finely divided 
mattei being driven off into space—in comets’ 
tails and in the sun’s coiona There are 
vaiious interpretations of both these pheno¬ 
mena, but the facts cannot be accounted for 
completely without some hypothesis of the 
escape of matter into space Again, it has 
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been lealised that paitides must be continu 
ally escaping fiom planetaiy atmospheies 
such as oui own Theie is, in fact, no doubt 
of the existence of mattei m the spaces 
between the stais the only question is as 
to its amount And, as a second line of 
evidence, the spectioscope seems to indicate 
that the amount is appicciable Piofessoi 
Newall of Cambiidge was so much impiessed 
with the accumulated evidence of the spec 
tioscope that he devoted to the subject a 
special Piesidential Addiess to the Royal 
Astionomical Society in Febiuaiy 1909 
“ Heie, then/’ he summaiised, “ aie a few 
leasons foi looking into possible piactical 
ways of justifying the belief that in space, 
especially in the neighbouihood of suns, 
theie must exist mattei foiming extended 
atmospheies ” The phiasing is evidently 
that of a cautious leasonei , those who caie 
to lead the whole addiess will find ample 
confiimation of the suggestion that it is no 
idle speculation that is being put befoie us 
but a conclusion towaids which we aie 
uiged fioni moie than one side Thiidly, 
theie is a diiect test foi the existence of a 
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fog which has been applied to the depths 
of space with appaienb success We all 
know that the sun looks led in a fog, because 
the led lays of light can pencil ate a fog 
bettei than the moie lefiangible blue lays 
Foi a sinulai leason oui electiic lights, being 
bluei than gas, suffei obsciuation moie 
leadily in a log If, then, theie be a fog 
in space, the moie distant stais ought lo 
appeal leddei than the neaiei The test, 
howevei, is not so easily applied to faint 
objects foi one thing we lose the sense of 
coloui when the light is veiy faint But 
theie IS one chaiacieiistic of led light that 
IS familial to all photogiapheis it takes 
longei to photogiaph it, unless we use special 
plates We have then meiely to ask Llic 
question, does the exposme lequiied foi the 
moie distant stiis inciease m an unexpected 
way ? The answei is ceitainly in the afliiill¬ 
ative, though we must be caieful that theie 
is not anothei possible inteipietalion Xhoin 
the veiy beginning of the woik on the GieaL 
Stai Map it has been a seiious and funda¬ 
mental difficulty that, when the exposme 
was doubled, the gam of faint stais on the 
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plate was not so gieat as visual obseivations 
would lead us to expect The expectation 
was founded on laboiatoiy expeiiments, 
which show that, within piopei limits, a 
light half as bright as anothei will give the 
same photogiaphic effect if the exposuie is 
doubled “ Within pioper limits ”—heie is 
the need for care the law bieaks down 
when the light is veiy faint indeed and wc 
must be caieful not to mistake a bieakdown 
fiom this cause foi a cosmical phenomenon 
The “ piopei limits ” aie still undei investi¬ 
gation, but they have aheady been subjected 
to caieful scrutiny a consideiable leseaich 
by Di C E K Mees and Mi S E Sheppaid 
(to quote a single instance) indicates that 
the limit IS leached, foi such plates as aie 
used in the Great Star Map, at about fifteen 
minutes of exposuie * Now well within this 
limit—^foi exposures of a few minutes only-— 
we find that the difficulty of photographing 
faint stars is out of piopoition to oui visual 
expectations and it is a fan conclusion that 
the difficulty arises from the characteristic 

See Imeetiffaliona on tJte Theory of the Photographic 
Pioceaa (Longmans), p 214 

4 
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piopeity of a fog Theie is loom foi diffei 
ence of opinion as to the intensity of the 
fog, foi the observations are difficult to 
mterpiet and even tieacherous but two 
sepal ate discussions indicate as rough limits 
the figures which weie given above A dis- 
cussion by the piesent wiitei,‘ assigning the 
whole of the difficulty to the fog and thus 
piobably giving a maximum density to it, 
made it extinguish half the light in about 
4,000 billion miles A moie conseivative 
estimate by Piofessoi Kapteyn of Giomngen, 
who allowed foi othei possible contiibuting 
causes, makes the density about one-tenth 
as gieat We must hope that fuithei le- 
seaich will naiiow the tiail but it will be 
surpiising indeed if we find that we aie 
altogethei on a false scent 
This lathei long digiession has not taken 
us so far fiom the topic immediately con¬ 
cerning us as might at fiist appeal Without 
some such explanation it would not have 
been easy to lealise the impoitance of meie 
counts of the numbei of stai images of a 
certain size They might have been i egai ded 
‘ Mon Not BAS Ixix p 61 
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as of academic interest meiely, wheieas we 
now see that they furnish evidence on two 
fundamental questions fiistly, is om Sun 
meiely an individual star oi is it associated 
with othei stais in a family oi clustei ? 
secondly, is theie an extiemely tenuous 
** fog ” of mattei pervading the spaces be¬ 
tween the stais and if so what is its density ? 
We shall find that the flist of these questions 
IS piesented again m anothei connection 
when we come to the movements of the 
stais but the existence of some soit of solai 
clustei IS established by simple numeiation 
combined with measuies of biightness 

How aie we to measuie the brightness 
of stais photogiaphically ? In appioaching 
anj measuiement of diffeiences we must 
fiist satisfy ouiselves that we can lecognise 
equality Let us define as of equal photo 
graphic magnitude two stais which impress 
the same plate equally in the same time 
and we need go no further to encounter 
trouble Suppose we pick out two stars by 
this rule, will they remain equal if we sub 
stitute a different plate ? The answer is in 
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the negative for if one of the stars be a 
led star and the fiist plate be isochromatie, 
we shall find the image of the red star much 
fainter on substituting an ordinary plate 
If oui photographic magnitudes are to mean 
anything, we must keep to the same kind 
of plate Strict umfoimity in this respect 
has not been possible the sensitising of 
films IS an ait lathei than a science, and 
when a film of plate makeis changes its 
artist, the plates undoubtedly change in 
chaiactei But it is hoped that the vaiia 
tions in chaiactei of plate thioughout the 
work have not been seiious enough to in 
tioduce large eiiois, though this is a point 
on which oui infoimation is not veiy com 
plete Moi cover this is not the only tiouble. 
Two stais showing similai photogiajDhic 
images on the same plate may be made to 
give dissimiUi imiges by slightly turning 
the telescope so that the images fall on 
diffeient points of the plate oi by refocussing 
the telescope The appaient photogiaphic 
magnitude may thus depend upon the dis 
tanee of the stai fiom the plate centie and 
upon the paiticulai focus selected foi the 
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plate The diffeience is so slight that it 
might escape detection by the diiect pioce&s 
of compaimg images but it can be made 
unmistakably manifest in a very simple way 
It has been aheady mentioned that the 
plates of the Star Map are luled with a series 
of cioss lines, ealled a leseau, dividing up 
the plate into equal squaies Let us count 
the number of stai images in each of these 
squares for a laige numbei of plates and 
add togethei all the counts for each particu- 
lai squaie then if stais photogiaph equally 
well all ovei the plate, the total numbeis for 
each particulai squaie ought to tend to 
equality the stais aie scattered sufficiently 
at random foi this purpose Now it is found 
that on the plates of the Stai Map the num¬ 
bei s do not tend to equality at the edges 
of the plate, the totals per squaie aie con¬ 
siderably less than nearei the centre'—^the 
inequality may be as great as 1 to 2 The 
inciease, however, is not maintained up to 
the centie it reaches a maximum and then 
falls off again, unless the plate happen to 
be focussed in such a position that the centie 
IS most favoured The phenomenon depends, 
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m fact, on the focus&ing of the plate if it 
be focussed foi the centie, then the total 
pel squaie will be gieatest at the centie and 
will fall off steadily towaids the edges , but 
it IS eustomaiy to push the plate a little 
fuithei m than this, so that the legion of 
best focus IS a iing mteimediate between 
the centie and the edges, and on this iing 
the total pel squaie is gieatest, falling off 
both towaids the centie and towaids the 
edges Photogiapheis accustomed to oi 
dinaiy cameias will lead these woids with 
some suipiise, foi they may not have noticed 
in then expeiience any coiiespondmg phe¬ 
nomenon, but the leason of tins is simply 
that they use a diffeient kind of lens—a 
“ doublet ” made up of two lenses sepaiated 
by an mteival, and with this combination 
thetiouble does not occui In sketching the 
eaily histoiy of the Stai Map it was pointed 
out that the selection of a lens was one of 
the impmtant decisions taken by the Con- 
feience of 1887, and that it was decided not 
to use a doublet lens—chiefly because of the 
expense But in othei connections stais 
have been photogiaphed with doublet lenses 



SUPERIORITY OF DOUBLET 


55 


and It has then been found that the in¬ 
equality of distiibution of images disappeais 
or IS veiy consideiably reduced With the 
lenses used foi the Stai Map, howevei, 
the inequality is maiked By noticing whei e 
the total pei-squaie is a maximum we can 
asceitam to a nicety how the plate has been 
focussed and whethei the focussing has been 
changed fiom one time to anothei The 
position of the maximum changes slightly 
with the season of the yeai, doubtless owing 
to the expansion and conti action of the lens 
and the tube with variations of tempeiature 
We can even tell whethei the plate is tilted 
slightly to one side, foi then the position 
of maximum will be fuithei fiom the centre 
on one side than on the opposite 
Hence it will be seen that the deteimina 
tion of the photogiaphic magnitudes of the 
stais IS beset with difficulties fiom the out 
set We must take into account the kind 
of plate used and the position of the stai 
on the plate if we aie to get comparable 
and accuiate results Nevertheless much 
mf 01 matron can be obtained by veiy simple 
means if these essentials aie attended to 
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Suppose we take two plates fiom the same 
batch and expose them ioi the same time 
on the same night, one to a legion in the 
Milky Way and the othei to a legion fai 
fiom it and that we then count the total 
numbei of stais upon each Theie will be 
many moie on the foimei ^ and we can And 
definitely what the latio of the two numbei s 
is Repeating the eompaiison with a longei 
exposiue (still the same foi both legions), 
we shall get anothei latio Fiom the study 
of these diffeient latios foi diffeient lengths 
of exposuie, we get mfoimation beaiing 
diiectly upon the two gieat questions we 
have been studying—the existence of a solai 
clustei and of fog in sp ice, foi we must 
asceitain whethei the Milky Way is in any 
way lelated to these possibilities Hence it 
Will be undeistood why counting all the 
stars on a plate, tiivial as it might appear 
at first sight, has been an impoitant opeia- 
tion in connection with the Stai Map It 
w usually done with a “ billiaid markei ” 
ose who play bilhaids have vaiious de¬ 
vices foi marking the score, one of which 

* See Note 
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IS a small appaiatus, held m the hand, pro¬ 
vided with two 01 fom little springs On 
piessing these spiings the numbeis shown 
on the face of the apparatus change bv a 
unit and by a senes of clicks the scoie 
IS registeied as lequned Now one of the 
astionomers who was taking a shaie in the 
ehait had “ misspent his youth,” and ac- 
coidingly knew of this appaiatus and saw 
that it would be useful foi counting star 
photogiaphs , foi the plate can be passed in 
review undei a micioscope with one hand, 
while with the othei hand a click can be 
made (without lemoving the eye fiom the 
microscope) whenever a stai is seen The 
success of the performance has been sufficient 
to cause “ billiaid maikeis ” to be expoited 
to distant astionomical obseivatoiies, wheie 
theie IS, as a matter of fact, no bilhaid table 
But how comes it that different exposures 
are given in the actual course of the work 
on the Star Map ? Is not uniformity one 
of the essential features of the scheme ? It 
was certainly the original idea that a par¬ 
ticular length of exposure should be selected 
and adhered to throughout fifteen minutes 
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found most favour It was considered, m 
the light of the expeiience available, that 
fifteen minutes would give stais as faint as 
the 14th magnitude, and was not so ineon 
veniently long as to be a tax on the obseivei 
Aftei this had been piaciically settled it was 
remaiked that the blight stais would, with 
so long an exposuie, foim veiy laige images, 
the centie of which could not be accuiately 
deteimined Now it is impoitant to measuie 
these blight stais accuiately, foi we alreadv 
know then positions in the sky with some 
piecision, and they aie thciefoie useful le- 
feience maiks foi the otheis Hence it was 
decided to take anothei senes of plates with 
a shoitei exposuie (ultimately fixed at six 
minutes), on which the images would not 
he so laige This bituication of the entei 
prise was subsequently developed in both 
prongs To the shoitei exposuie two others 
shoitei still, of 8 minutes and 20 seconds, 
were afteiwaids added, foi good leasons 
which we need not stop to notice and the 
longei exposuie of 15 minutes was extended 
to 20 minutes, then to SO minutes, then to 
40 minutes, and ultimately to one houi, 
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iSubdivided into three separate exposmes 
each of 20 minutes We need not follow 
the leasons in detail, it is sufficient to le 
maik that foi the oiiginally piojected uni- 
foim exposuie of 15 minutes a series has 
been substituted, foi reasons moie or less 
good, of foui or five exposures ranging from 
20 seconds to 40 minutes The ratio of 120 
to 1 between the longest and shortest corre¬ 
sponds roughly to 7 stellar magnitudes, and 
hence we have material foi studying the 
variation of total number of stars per plate 
over a considerable range 

The particular proposal to give thiee 
separate exposures of 20 minutes each has 
had an unexpected result of an interesting 
kind The three exposures are arranged m 
the form of a little triangle, so that each 
star IS represented by three little dots in 
this figuie Now these long exposure plates 
are not to be measured but are intended for 
lepioduetion as charts They represent the 
most expensive part of the project, each of 
the eighteen shares costing some £10,000 in 
all At Oxford and at some of the other 
less wealthy obseivatoiies it has not been 
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possible to undeitake this expensive pait of 
the woik, but the Fiench aie particulaily 
mteiested m it, as a consequence of eailiei 
national piojects ‘ of the same kind , and 
the French Government has accoi dmgly un- 
deitaken the repioduction of the Chaits ** 
m the Oxfoid zone and in some others 


These chaits aie being veiy beautifully and 
caiefully lepioduced m Pans by heliogiavuie 
As each chart is punted it is patiently ex¬ 
amined foi possible defects, to see foi in¬ 
stance whethei any of the images on tlic 
oiiginal plate aie missing or whethei any 
accidental blots could be mistaken foi stais 
One test applied by M Jules Baillaud, who 
has special charge of this woik, is a com¬ 


parison of the thiee separate images of each 
star to see that they lesemble each othei, 
1 they do not theie is usually some defect 
m t le lepioduction calling foi collection 
ut what was his suipnse one day to find 
a distinct diffeience m the images of a pai- 
ticulai star which was not a fault of lepio- 

nlate,r’if?^ apparent m the original 
se The conclusion was foi ced upon 

^ See p 8 
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him that the star }iad vaiied in biightness 
between the exposuies The interval is 
usually so short that such an occuirence 
would be staitling, but in this paiticulai 
case theie had been, owing to an accident, 
a longer mteival than usual Aftci two ex 
posuies had been successfully given, clouds 
had come up, and it was impossible to give 
the thud on that night But in these days 
of “ diy plates ” such an occuiience does 
not mean the loss of the woik aheady done, 
it was only necessaiy to close up the plate 
secuiely until the next fine night, when the 
telescope was again pointed in piecisely the 
light position and the thud exposuie given 
But meantime the stai had changed in biight¬ 
ness a little, and so M Baillaud’s caieful 
sciutiny enabled him to discovei that it was 
vaiiable—a success which he afteiwaids le 
peated in anothei instance Indeed the 
accident was suggestive, just as an acci 
dental effect at leheaisal is often dehbeiately 
adopted subsequently in the play itself, so 
it was made deal by the unavoidable sepaia 
tion of the exposuies m question that 
tbeie would be a distinct advantage in sepaia- 
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ting them delibeiately M Baillaud made 
this suggestion at the lecent meeting of 
the Peimanent Committee and the ivisdom 
of it was at once recognised 

The detection of variable stais, howevei, 
IS not a legulai pait of the woik on the 
Map These objects aie few and excep¬ 
tional we aie concerned chiefly with llie 
many and the aveiage The many aie 
counted by thousands and millions, thou¬ 
sands of stais on a single plate and millions 
on the whole collection of plates Pei haps 
a few definite figuies may be given heie 
not too many of them, foi they aie apt to 
be tiresome , but one oi two lepiesentalive 
flguies Will give a ciispei idea of the magni 
tude of the work 

Theie aie eighteen obseivatoiies ^ con¬ 
cerned the shaie of each is ibout 1,200 
plates, taken twice ovei with shoi t and long 
exposures Fixing oui attention on the 
shoit exposuies, there aie on the aveiago 
400 to 500 stars on each, the places of which 
are to be measuied and recoided But this 
average is stiuck from numbers which diveige 

‘ See Note UI| 
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widely , on some plates theie may be 6,000, 
on otheis less than 100, the iich plates being 
of legions in the Milky Way and the pool 
ones of legions fai fiom it Each obseiva- 
toiy has thus to measuie about half a million 
stai images, and as the numbei of figuies 
lequiied to lecoid each measuie may be 
seveial dozen, it is easily seen that many 
millions of figuies aie used by each obseiva- 
toiy These measuies took a staff of four 
01 five people at Oxfoid some ten yeais oi 
so to complete and the punting of them 
anothei foui yeais The checking of so 
many figuies in the pi oof sheets is no tiivial 
mattei, since it is impoiiant to avoid mis¬ 
takes—astionomeis know the tiouble which 
may be caused by a wiong figuie, once it 
gets into punt 

In dealing with so many figuies it is im- 
poitant to devise tests of then accuiacy 
In mathematical calculations, a whole senes 
of opeiations can sometimes be tested from 
a single lesult, if that is collect, theie 
cannot be a mistake in any of the opeia 
tions, at any late not one mistake alone, 
there may be two or moie which exactly 
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compensate one anotliei, but this risk is 
moie remote Just so in money accounts, 
if the totals check one anothei, it is usually 
fair to assume that the individual items are 
coirect In the case of the Stai Map no 
such economical tests are possible, foi no 
connection between the positions of the stars 
IS known to us We must be content to 
check each star by itself, and foi this pui- 
pose two measures are made of it under 
different conditions After all the stars on 
a plate have been measured, the plate is 
taken out of the measuring apparatus, turned 
round through 180 ° and put in again for 
lemeasuiement The second set of mea 
suies gives an independent check on the fiist, 
in this way nearly all the unintentional slips 
are detected so that when the results are 
punted and compared with both sets of 
measures, they aie substantially correct 
This IS proved m the following ways accord¬ 
ing to the decisions of the Confeienee the 
plates of each senes are to cover the sky 
twice, with a ceitain overlap of adjacent 
plates, so that eveiy stai appears on at least 
two plates After the measures have been 
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punted off the two independent measuies 
foi each stai have been compaied in many 
thousands of instances, the numbei of eiiois 
found IS lemaikably small Again, some of 
the plates accepted in the fust instance did 
not come up to latei standaids and weie 
lepeated heie again compaiisons between 
old and new measuies have detected a few 
mistakes, but not many These checks have 
given confidence in the geneial accinacy of 
the woik 
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In the last chaptei it was shown that fiom 
the meie counting of the stais (taking note 
of then biightness) it is possible to infei some 
impoitant facts about the natuie of the 
univeise in which we aie placed such as 
the existence of a clustei of stais to which 
oui Sun belongs, and the existence of an ex- 
tiemely tenuous “ fog ” m the depths of 
space But we can always leain much moie 
fiom piolonged inspection than fiom a meie 
glance A single photogiaph of a scene tells 
us only the actual situation at a given 
moment It may suggest that changes aic 
going on, but to be suie of these changes 
we must have anothei photogiaph taken 
latei , and if we can get a whole senes taken 
consecutively, as in a kinematogiaph, we 
trace completely the histoiy of the changes 
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The Gieat Stai Map in piocess of constiuc- 
tion IS only the fiisl picUiie, oiheis must 
follow it if we axe to study the motions of 
the stais, and oui knowledge will glow with 
each 1 epetition What i evelations the futui e 
may have m stoie foi us We cannot at piesent 
even guess, though it is not too soon to he 
learning something The impoitant point 
to be lemembeied—and its impoitance can 
not be too stiongly emphasised—^is that the 
mam puipose of the piesent pioject is to 
piovide a basis foi these futui e discoveiies, 
by fixing the piesent places of the stais 
with such accuidcy that movements can be 
detected leadily It is only by keeping this 
fact in mind that we can undei stand the 
leasons foi the gieat laboui which is being 
undeitaken so cheeifully A much less la 
boiious pioject would tell us a gieat deal, 
thus neaily all the knowledge about Llie num 
bei of the stais of a given magnitude, which 
we consideied in the last aiticle, could be 
gatheied fiom photogiaphs taken on a veiy 
much sinallei scale Theie is foi instance 
a veiy handy map of the complete sky pub 
lislied by the Haivaid Umveisity Obseiva 
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toiy, consisting m all of only fifty five glass 
plates, each 10 in x 12 in , the whole weight 
of which IS only about 80 lb , and the price 
$15 (lathei undei cost, owing to the libei 
ality of the Obseivatoiy) When we com 
paie With this the 22,164f plates of the Gieat 
Star Map^ weighing 8 tons, oi the 2 tons of 
papei which the chait rcpioductions will 
lepresent,^ it is cleai that the disci cpancy 
needs explanation The ex-jilanation is 
simply that the “Haivaid Sky,” as it is 
called, though it will tell us many things, 
will not allow us to study the changes of 
the stais tn position^ because the scale is 
too small Othei changes can be studied 
with its aid thus the magnitudes of the 
stais aie shown by it lathei bettei than on 
the Gieat Stai Majj, being moie umfoim. in 
diffeient paits of the plate , and we can 
study changes m magnitude by comp ai mg 
two plates taken at diffeient times The 
Haivaid Sky is actually being used in this 
way to discovei new vaiiable stais, and a 
gieat many discoveiies have aheady been 
made A positive copy of one plate is supci- 

‘ Soo Noto VI 
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osed on a negative of the same legion taken 
n a diffeient date, and the shaip eyes of 
liiee expel lenced ladies detect any want of 
oiiespondence between the pans of images 
the end of the veai 1909 the examination 
f twenty one out of the fifty five poitions 
f the whole sky had yielded 211 new van 
Dies , and the efficiency of the seaich, and 
f the plates of the Ilaivaid Sky as a means 
f conducting it, is constantly attested by the 
ediscoveiy of alieady known variables in 
be couise of the examination If changes 
.1 bnglitnes’i of the stais weie all that need 
oncein us we need have no map laigei m 
cale than the Harvaid Sky, though it might 
I ill be piofitable to use a moie powerful 
nstiument so as lo show faintei stais 
But It IS impoitant, it is indeed of the 
’■eiy gieatest impoitance, to measuie also 
lianges in the ’positions of the stais, foi 
his puipose the Ilaivaid Sky is unsuitable 
lecause of its small scale The places aie 
oiiect so fai as they go, but the lesidual 
inceitainty is moie than ten times that 
)f the Great Stai Map Consequently, to 
neasuie any given change of position we 
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should have to wail at least ten times as long, 
and since the majoiity of the changes with 
which we aie concerned may be expected to 
lequue a centuij oi moic foi then complete 
identification on the plates of the Map as 
planned in 1887, those who made the plans 
cannot be accused of extiavagance oi hiuiy 
The scale of a stai map depends essenti¬ 
ally on the length of the telescope used in 
making it The little instiument with which 
the Haivaid Sky was made is only about a 
foot long, whilst those used foi the Gicat 
Stai Map aie about II feet The smface of 
the lepiesentation inci eases, of eouise, as 
the square of the Imeai dimensions, so that 
we might faiily expect the weight of the 
plates to be mcieased m the latio 121 to 1, 
and since the plans foi the Map involve 
coveimg the ^\hole sky twice ovei, we must 
double this, getting 212 Now the latio of 
8 tons to 80 lb is 224 to 1, so that the 
weight IS adequately explained by the in- 
cresse m scale If we use the same factoi 
(242 01 theieabouts) to get an idea of the- 
cost of the plates foiming the laige map, 
horn the Haivaid $15 (which howevex is 
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less than the actual cost of the Haiv 
Sky, though it is geneioiisly offeied foi 
at this figuie), multiplying 16 by 242 
get 8,600 dollai s oi £700 But the actual < 

is gieatei than this because plate glass 
been used and two edges of each plate 1: 
been specially giound , piobably £l,50i 
£2,000 IS not too much to put down as 
cost of the plates But this aftei all is ' 
a veiy small poition of the real cost of 
Map, which aiises chiefly fiom the i 
done on the plates aftei they have 
taken In oidei to expedite compai 
with othei plates to be taken in the fu 
the piesent positions of the stai inr 
on the plates aie being eaiefully measuiec 
the measuies punted How ranch sha 
set down foi this ? It is impossible to i 
an accuiate estimate since cucumsti 
vaiy so much with nationality, but 
lOugh idea may be gatheied fiom tin 
peiience of Oxfoid, wheie the measuies 
been made and punted Even heie 
aie difficulties, as will appeal fiom th 
lowing statement of a geneiously sui 
limit to the total cost 
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Totai; Possibi/E Cost or the Oxroni) AscpiioonArnio 


Tolesoopo given by Di Wan on Do la Biio 600 

Maintenance of XJmvoiaitj Obsoivatoiy foi twenty 

yoais including Aasistanco 13 000 

Salaiy of Fiofessoi for tvonty yoais 18,000 

Go\einm6nt Giant (fiom the fund administoiod 

by Royal booiety) in the yeais 1800-1910 1 200 

Pimtmg (shaied between the Govoinmont and 

the Univeisity) 1,200 

Total 34 000 


The chief difficulty is to deteimine how 
much of the two main items, the maintenance 
of the Obseivatoiy and the salaiy of the 
Diiector, aie to be ciedited to this paiiieulai 
work In the above statement the whole 
of the Piofessoi’s salaiy has been set down, 
not even deducting income tax, but some 
of it must be ci edited to teaching and othei 
duties which fall on him as on liis colleagues 
The same difficulty aiises in a smallei 
degiee about the second item in the list, 
as the assistants have by no means confined 
themselves entiiely to woik on the stai map 
As the best estimate possible undei the cn 
cumstances ve may take £20,000 peihaps 
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as the Oxfoid contiibuiion to this gieat 
woik, and as Iheie aie seventeen othei 
contiibutois, many of whom aie not woiking 
undei such favouiable conditions, the total 
cosb will be at least half a million steilmg 
These estimates have not been made and 
quoted foi sensational pin poses but with 
the veiy definite object of showing the 
necessity foi caie in pioceduie We aie 
dealing with big figuies—^long peiiods of time 
and laige sums of money We must on the 
one hand spend money fieely to save time 
we must make a map on a laige scale, so 
that we may determine the movements of 
the stais within a leasonable peiiod On 
the othei hand, since every detail of the 
piocess will be lepeated thousands oi even 
millions of times, we must be extremely 
caieful in settling the details so as to save 
expense If one figiue will suffice lather 
than two, the diffeience may seem trivial in 
a single instance, but when multiplied a 
million times will constitute a serious item 
of unnecessary expenditure If one measure 
will give fan accuracy, then before yielding 
to the temptation to increase the accuracy 
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a little by making a second measiiie, we 
must remembei that wc aie multiplying the 
total cost of measuxing by two, and considei 
caiefully whethei the extia expense is ]usti 
fied, and that we aie also multiplying the 
time lequiied foi completing the woik by 
two, and considei caiefully whethei the 
completion can be so long delayed without 
serious disadvantage When confionted by 
such pioblems, the diffeient contiibutors to 
the scheme have natuially diffeicd in then 
solutions At Oxfoid we have thioughout 
fixed oui attention on getting the woik 
done as quickly and economically as possi¬ 
ble, consistently with ceitain lules laid down 
by the International Committee , ncveithe 
less the woik has taken twenty yeais Of 
couise with a laigei staff the time might 
have been shortened , and at Greenwich, 
where the available resources are greater, 
a more elaborate programme has been com 
pleted nr a time shorter by a year or so 
but nowhere else is the work yet finished, the 
prospects of completion being in many eases 
veiy remote, and seeing that at the outset 
five or ten years was mentioned as the proper 
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time foi the woik, the piesent situation 
gives some cause foi anxiety ^ The fact is 
that the necessity foi stienuous economy in 
detail has not been sufficiently lealised 
some of the laigei obseivatoiies stiamed at 
an accui acy scaicely possible even loi them , 
and then ■weakei biethien, in attempting to 
copy then example, have been left fai be 
hind Model ation and self denial aie ]ust 
as necessaiy in astionomical woik as in 
othei walks of life 

Let us considei in detail the natuie of the 
woik to be undeitaken The piocess of 

measuiement of the positions of the stai 
images on the photogiaphic plates has been 
much facilitated, as aheady mentioned, by 
the impiession of a ieseau on the plates 
Two senes of equally spaced lines aie luled, 
one set at light angles to the othei, so that 
the plate is divided up into a nuinbei of small 
squares of exactly the same size It is 
necessaiy to specify what is meant by “ ex¬ 
actly ” in this connection Nothing, of 
couise, IS leally peifect oi exact, but foi 
piactical puiposes we may legard a luling 
^ See Note X 
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as exact if the eiiois aie so small as to be 
negligible in compaiison with the accidental 
eiiois of measuieraeni In this sense and 
foi the pui poses of the Map we may i eg aid 
the little leseau squaies as accuiate and 
exactly equal If we numbei them fiom 
left to light (a?) and also fiom below to 
above (i/), then two appiopiiate numbei s 
{oa and y) will specify the squaie in which 
any stai image lies, and if m addition we 
measuie the distances of the image fiom the 
sides of the squaie, we shall complete the 
specification of its exact position The dis 
tances aie expiessed (in the decimal notation) 
as fractions of the side of a squaie and 
wiitten doAvn immediately aftei the whole 
numbeis specifying the squaie Theie is no 
difficulty about the whole numbeis the 
doubtful points all aiise in connection with 
the fiactions It would take too long to 
considei them all, we take two impoitant 
ones as illustiations 

Fiistly, how often should we leeui to the 
image of a single stai We have to mcasin e 
two CO oidmates, oa and y , we may lepeat 
the measuies of each we may do this foi 
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each of the two oi thiee images which occm 
on the plate (accoiding to the plan aheady 
explained) and take the mean, and we may 
then turn the plate lound into anothei po&i 
ti on and i epeat the measm es (This last pie 

caution will need no explanation to any one 
who has had expeiiencc of such measme 
ment it detects and eliminates well known 
peisonal peeuhaiities in the measurei ) It 
would theiefoie be easy to adopt a plan 
of measuiement which would involve le 
culling to the same stai 2x2x3x2 = 24 
times, without leal supeifluity Indeed, such 
n piocess would be definitely advisable foi 
a small piece of woik wheiein the utmost 
accuiacy was desiicd But what we have 
to settle with icgaid to the pioject befoie 
us is whethei we can afford it Foi com 
parison let us take the minimum instead of 
the maximum advisrble pi ogi amine we can 
measme both co ordinates of the stai at a 
single setting on a single image, and this 
would be the actual minimum, but scaicely 
advisable- foi theie is nothing to check a 
mistake To check mistakes we must have 
at least anothei measuie, and if we tuin 
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the plate lound thiough 180° to make this, 
we shall at the same time eliminate the pei 
sonal enois lefeiied to above This, then, 
may be taken as the minimum advisable 
piogiamme, it involves lecuiiing to the 
same star twice and twice only It was 
adopted at Oxfoid, and the woik of measuie- 
ment took even then a dozen ycais it will 
be seen how easily this might have been 
turned into half a centuiy oi moie 
The second impoitant question of detail 
concerns the appaiatus foi measuiing the 
fiactions of a squaie That which fiist 
occuiied to the astionomei was the micio- 
metei sciew, with which he was alieady 
familial in woi^ at the telescope , at many 
obseivatoiies this type of mstiument has 
been adopted foi use A spidei line in the 
micioscope is set on the side of the teseau 
squaie and the leading of the miciometei 
sciew noted then the sciew is turned until 
the spidei line falls on the stai image and the 
leading noted again finally the sciew is 
ti ined fuithei until the spidei line falls on 
the opposite side of the teseau squaie and 
the leading noted once moie Fiom these 
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thiee leadings and a little aiithraetic the 
quantity lequiied is deduced This piocess 
can be made veiy accuiate, though theie 
aie some difficulties, especially those lesultmg 
fiom giadual weai in the sciew when it is 
used thousands of times But though accui¬ 
ate, it IS veiy slow It is fai quickei to 
abolish the sciew and substitute a finely 
divided scale in the field of view of the 
micioscope It has been shown that the 
fi actions can in this way be lead off at sight 
without losing time in turning a sciew The 
lapidity of the piocess naturally excited 
suspicion at fiist that it might be too lough , 
m oidei to combat this pie 3 udice, one of the 
advocates of the new method took ovei his 
apparatus to Pans on the occasion of the 
assembly of 1890, and offered to give a 
demonsti ation A committee was appointed 
to sit upon him they shut him in a looni 
with his machine and a photogiaph he had 
nevei seen befoie, he was to pioduce as many 
measuies as he could in half an houi At 
the precise second completing the thiity 
minutes the dooi was opened and his mea 
suies impounded It was found that the 
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piisonei had mcasmcd twenty five stais with 
satisfaetoiy acciuacy, and hv many this 
demonstiation of the qualities of the machine 
was accepted as sufficient With experience 
a still gieatei pace can be acquired, but we 
may take fifty stais pei houi as a fan aveiage 
late foi one peison (though two people 
woiking togethei can do bettei) Now it 
IS easy to spend two oi thiee hoius on the 
same fifty stais if we use a seiew instead 
of a scale, so that hcie again we have a 
dangei of unduly piolonging the woik 
The view heie expiessed that it is stiin- 
gently necessaiv to study economy of time 
and laboui is fianldy that of an advocate 
On the othei side theie is consideiable 
weight of tiaclition and opinion which ie» 
mams unshaken even by such consequences 
as the gieat delay in completing what was 
oiiginally intended to take ten ycais Oiu 
scientific tiaditions have come down to us 
fiom times when woikeis weie so few and 
scatteied that almost anything they pio 
diiced, howevei planned, was piecious if not 
piiceless, we see the consequences of this 
eaily piactice m some huge editions of the 
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conespondence of gieat scientific woikeis m 
which nothing is too commonplace to be 
included It is quite possible that con 
sideiations of economy have been lightly 
disiegaided in dealing with this sacied past, 
but does this 3 ustily a similai attitude with 
regal d to the futuie which is bettei undei 
oui conti ol ? Scientific woikei s ai e no longei 
few and isolated, they aie numeious and 
they aie binding themselves into oigamsa- 
tions (among which that foi making the 
Gieat Stai Map has an eaily and an honoui- 
able place) It does not seem unieasonable 
that the changed conditions should leave 
then maik on the methods of woik, and that 
the 1 elation of cost to value of pioduct 
should be consideied as in othei enteiprises 
In old days the value of the pioduct was 
so high that any cost could be neglected, 
and Lheie aie still cases wheie this is the 
collect view—^let us hope theie always will 
be But in the case of a gieat piece of 
stiaightfoiwaid measuiement like the Star 
Map, the value can be expiessed veiy defi 
nitely by the “ piobable eiioi of the lesult, 
and alternative plans foi the woik can be 
6 
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compaied by setting down the piobable eiioi 
and the cost (in time and money) of each 
So far as I know, howevei, this principle has 
not yet been applied except in a special case 
m geodesy It is ceitainly one that may 
be applied in othei sciences if 3udged sound, 
but at piesent it scaicely seems to have met 
with the appioval, even the attention, of 
any laige body of scientific woikeis I tiust 
no apology is needed foi inviting attention 
to it at the piesent junctuie, even at the 
expense of a slight digiession 
Let us now considei what is to be the 
outcome of this immense piece of woik 
Wliat aie we likely to leain fiom these 
millions of measuiements ? As alieady 
stated, the inteiest will come when it is 
repeated—m the study of the movements 
of the stais, which aie so minute that, as 
a lule, at least a centuiy is lequiied to 
discern them even by oui impioved modem 
methods The movements aie not really 
slow, we may take the velocity of oui eaith 
m its annual journey lound the sun—about 
20 miles a second—^as a fan sample of the 
velocities of the stais But oui gieat 
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journey iiom side to side of the stin (neaily 
200,000,000 miles acioss) would seem a 
xninute movement to the neaitst stai, and 
to the gieat majoiity would be impelceptible 
This IS howevei not the only movement of 
the eaith, the sun himself is moving and 
we paitake of that motion also It is not 
a ciiclmg oi oscillatoiy motion, but is m 
the same diiection yeai aftei yeai, so fai 
as we can at piesenl asccitam, the distance 
tiaveised each yeai being about dj00,000,000 
miles One yeai’s journey is theiefoie 
scaicely moie pei ceptible fiom the distant 
stais than the ending movement of the eaith} 
but as yeai follows yeai the suecessi^e steps 
add togethei, and the cumulative effect be¬ 
comes ultimately peiceptible even to veiy 
distant stais Now all the stais aie movmg 
m this way—^peisistently in the same dnec- 
tion—year aftei yeai Hence, though the 
movement in one yeai may be impei ceptible, 
by waiting ten yeais oi twenty oi a centuiy 
we ultimately peiceive the movements of 
many of them The moie distant lequue 
even longei—^how much longei we cannot 
yet say, this is one of the questions on 
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which we hope to gel some light by the 
work on the Great Stai Map and its succes 
sors Our knowledge will grow we shall 
find that aftei ten yeais a certain peicentage 
of the stais have moved , after twenty, new 
movements previously undetected oi un 
ceitam, will be added , aftei thiity, moie 
still, and so on , and by watching the lun 
of the sequence we may even be able to 
pi edict what will happen in longei periods 
not yet i cached, though this extiapolatioii 
has its risks 

We cannot, of couise, affoid to repeat the 
whole map eveiy ten yeais , we must oe 
satisfied with samples made as lepiesenta 
tive as possible We have alieady obtained 
some samples at Oxfoid, and the following 
results will seive to illustrate oui expecta¬ 
tion Plates have been repeated aftei in 
teivals varying fiom ten yeais to seventeen 
and the measures compaied If the mea¬ 
sures of any star in either co ordinate differed 
by moie than 1" 2 (the angle subtended by 
an inch at a distance of 2^ miles) they were 
caiefully repeated In a number of cases 
the discordance was found to be due to 
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some mistake oi a caieless measuie (It 
must be lemembeied that many thousands 
of measures were made in all, and that occa¬ 
sional mistakes aie inevitable) But m the 
majoiity the diffeience was confiimed as due 
to a leal movement of the star Such move¬ 
ments weie neveitheless veiy raie—on the 
aveiage less than 2 pei cent of all the stais 
examined 

The percentage was higher for the longei 
inteivals somewhat as follows 

Aftoi lOyoais 1 percent had moved appreciably 

, 12 , H 

, Id 2 

10 2i 

But this method of statement is defective 
by reason of a most significant fact brought 
to light by the lesults themselves 

Of the plates examined foi these move 
ments some weie of regions m the Milky 
Way thickly populated with stais—say 500 
01 600 on a plate, otheis weie of regions 
remote fiom the Milky Way and contained 
only 50 oi 60 [These numbeis are smaller 
than they should be . that is why the plates 
wcie repeated and the comparison rendered 
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possible ] Now we might natuially expect 
to find more moving stars among the 600 
than among the 60, but we do not, theie 
are just as many pei plate (that is to say on 
a given sky aiea), m any pait of the sky, 
whethei it be densely oi spaisely coveied 
with stais It IS as though a fall of snow 
had collected into huge iriegulai diifts and 
then a showei of lain fell the number of 
lamdrops falling on a given aiea would have 
nothing to do with the quantity of snow 
upon it alieady, and we should only make 
confusion by expiessmg the lain as a per¬ 
centage of the snow on the ai ea Similaily we 
must give up the idea of finding so many 
sensible movements pei cent of the stais 
on a given aiea and think of the numbei 
per unit aiea, niespective of the population 
by othei stais The moving stais are in fact 
distinct fiom the others in some way, and 
it IS pietty clear that the distinction consists 
in then being consideiably nearer to us If 
this be the coiiect interpretation, we infei 
that the stais near us are scattered more 
oi less unifoimly and do not show the 
stiucture which is so striking a feature of 
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\ose moie distant This is a fact of funda¬ 
mental impoTtance and suggests fiom a new 
oint of view the idea of a solar cluster— 

group of stais {of which our sun is one) 
tandmg somewhat apait fiom its distant 
Uiioundings—^which was suggested by the 
'ounts of stais of dzffeient magnitudes as 
iesciibed in the last article 

And its importance is enhanced in con¬ 
sequence of a great discoveiy made within 
the last few yeais, that there are two great 
streams of stais meeting one another It 
was assumed until about 1904 that the 
movements of the stais weie at landom in 
all directions, in that year Piofessoi Kapteyn 
of Gioningen showed that this could not be 
the case,‘ but that there must be at least 
two mam streams of stars passing one 
through the other This suggestion has 
been confirmed by elaborate investigations 
of Eddington, Dyson and others and in 
paiticulai Professor Dvson (now Astronomer 
Royal) showed that this hifui cation was 

1 A few months later Mr H C Plumnier independently 
pointed out the eaine fact (Mon Not BAS vol Ixv 

p m) 
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specially chaiacteiistic of the laigest proper 
mottons that is to say, the stais nearest 
to oni sun are moving in this way in any 
case, whatevei may be the leal facts about 
the moie distant stais of which om know¬ 
ledge is still unceitain and incomplete Is 
theie any leason foi thinking that the bi 
fuication chaiacteiises only the nearest stais 
and ceases beyond ? One such reason has 
already been indicated the near est stais aie 
apparently distinct from those moie iemote 
which cluster' towards the Milky Way 
Hence the bifurcation must be proved in 
dependently for these remoter stars, since 
there is apparently a breach of continuity 

But another reason has been suggested 
also In a most interesting lecture on the 
Milky Way, delivered to the British Asso 
ciation at its South African meeting,’ Mr 
A R Hmks of Cambridge developed the 
idea that the Milky Way was made up of a 
number of independent star clouds or clus¬ 
ters If these are in relative motion, as they 
presumably are, there will be occasions on 

’ See an abstiacb m Proo Camb PM Soo vol xul 
Pt IV 
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ich one cloud meets anothei The stais 
each hemg widely scatteied, one will pass 
otigh the othei fieely, without much iisk 
collision between any of the memheis 
IS supposition would explain all the 
im facts as we know them at piesent, 
t we cannot say how fai it will fit m 
th facts to be discoveied in the futuxe, 
xen we have coxnpaied plates taken at 
eatei intervals, and begin to leain some- 
mg of the movements of the moie distant 
us 

By the kindness of Mr Eddington (Chief 
jsistant at the Royal Obseivatory, Gieen 
ich) I am enabled to lepxoduce two dia- 
ams which show the veiv latest piece of 
ndence m favoux of the existence of these 
vo stai diifts It should fixst be pxemised 
lat since a seiies of paxallel lines, such as 
xe paiallel edges of a box, appear to us 
) converge to a point (the “ vanishing-point’ 

1! peispectxve), so a clustex of stars moving 
1 paiallel paths, like a flock of mxgiating 
lids, would seem to us to have movements 
onveiging to a definite point in the heavens 
L beautiful instance of such convergence 







Mr Eddington s diagrams of the convergence of movements from seventeen pairs of regions covering the vdiiolo 
KOZS —Slach picinre TepieoentB a portion of the celesnsd ephero correspoQdxng nearly to occnpied liy Enzqpe on the terrestDal Epher 
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among some stais in the constellation Tam us 
was detected a couple of yeais ago by Pio 
fessoi Boss of Albany, N Y He had sus¬ 
pected its existence foi neaily twenty yeais, 
but the knowledge of the stellai motions 
was too maccuiate to conveit his suspicion 
into ceitamty This has only come with 
the completion of a vast leseaich on the 
movements of the stais which he has eon 
ducted with infinite patience lemoving one 
souice of eiioi aftei anothei by a laboiioiis 
senes of appioximations until at last he was 
able to produce a catalogue of movements 
fieed, as fai as possible, from all disceimblo 
systematic enois Incidentally he got values 
for the motions of the Taiuus cliistei suffi 
ciently accuiate to make it cleai that they 
weie apparently converging to a point With 
this clue and the help of spectioscopic ob- 
seivations he was able to deteimine the dis¬ 
tance of the cluster to be 120 Jight-yeais 
away fiom us (that is, light fiom the clustei 
takes 120 yeais to leach us, the distance 
in miles, if that be piefeiied, is 800 million 
million), and it is leceding m an oblique 
c nection It passed us closest about 8,000 
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cental les ago, at about half its piesent dis 
tance and he gathered fuithei particulais 
of its histoiy and shape, which we can 
scaicely stop to notice heie One fmther 
point, howevei, is of impoitance The in¬ 
dividual stais seem to keep then places in 
the piocession without internal leaiiange 
ment—^they move in almost stiictly paiallel 
lines and at the same pace 

Now the stiearns of stais to which Kapteyn 
called attention aic of a diffeient kind , the 
internal movements aie consideiable, it is 
only the average movement which is steadily 
in one diiection But when we take such 
aveiage movements m diffeient paits of the 
sky they tend to conveige to a point like 
the actual motions of the individual stais of 
the Tauius clustei It is this conveigence 
of aveiage movements which Mi Eddington 
has lepiesented so beautifully in his dia 
gianis He divided the whole sky into 
thiiLy four aieas, and found (fiom the gicat 
catalogue of movements just published by 
Piofessoi Boss) the aveiage movements in 
each aiea It would take too long to explain 
how he identified the aveiage movement foi 
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each ot the two dufts it must sufliee 
the process was ingenious and effective ‘ 
was able to diaw the two lines foi each 
the thiity foui legions, oi rathei foi each of 
seventeen pans which he piefeiied to uac 
The test of the validity of the hypothesis n* 
that these lines should conveige to tw^o point 
m the sky lepiesenting the goals towuiilf» 
which the two clouds of stais aie diifLin^jf 
The leadei can judge foi himself In one? 
case the conveigence is veiy striking IL ifi 
not, of couise, peifect we could seaiccly 
expect peifection when dealing with avoiago4 
of imperfect obseivations, but the apinoxi-* 
matron is cleaily a veiy close one In the 
othei case the conveigence is less maikcd» 
but the leality is biought home to us by nil 
analog/ “ If fiom seventeen points,” wiiLeH 
Ml Eddington, “ disbiibuted uniloimly till 
over the eaith, tiacks (gieat ciicles) vvoit* 
diawn, every one of which passed acitisy 
the Sahara, they might fairly be considcicd 


‘ Those who care to lead moie will find Mi EddingLoti i» 
paper in the number of the Monthly Notices of tlio Koy i» I 
ABtronomiool Society for November 1910 It givoB loloi- 
enoea to prcvioua work 
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to sho-w strong evidence of conveigence the 
distiibution of the ‘ diift II ’ directions is 
quite analogous ” 

We may note yet one inoie point in this 
veiy intciesting papei Eddington found 
that theie was a whole class of stais which 
it was bettei foi him to exclude They seem 
to have a common motion of then own, like 
that of the Tauius clustei Moieovei, then 
spectia aie all alike (of the Oiion type), 
which IS fuithei evidence of relationship , 
and finally they present two indications of 
gieat distance—first that then apparent 
movements aie very small, and next that 
the stars themselves clustei towards the 
Milky Way (We have seen that the stars 
presumably neai to us have large proper 
motions and are distributed mdiffeientl/) 
The infeience that the distant stais foiming 
the Milky Way do not share in Kapteyn’s 
two drifts seems to be plain Recurimg to 
Ilinks’s idea of star clouds, it seems probable 
that these “ Oiion ” stais belong to a distant 
cloud, distinct from the two which have met 
and mingled in our neighbourhood But 
before we can accept these rough suggestions 
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as facts wc must do much moie woik in 
the examination of stellar movements, such 
as it IS the object of the piomoteis of the 
Gieat Stai Map to initiate 
One featuie of such woik on the stais 
which impi esses itself deeply on the con¬ 
sciousness of those who imdeitake it is 
woithy of moie than passing notice, though 
it may not be easy to communicate the 
impiession to otheis In dealing with the 
compaiison of the places of thousands of 
stais at two diffeient epochs, a feeling 
of awe IS evoked on finding so few cases of 
change As one turns ovei page aftei page 
of lecoids and sees at a glance that the diffei- 
ences aie too small to be significant, the fiist 
feeling of meie satisfaction at the accuiacy 
of the measuiement giadually yields to tins 
glowing sense of the piofundity of the depths 
of space which makes this awful stillness 
It might not be suspected that pages of 
figmes could seive to develop so sentimental 
an impiession the layman would be pie- 
paied to leain that the obseivei of distant 
stars in a huge telescope might feel emotion, 
but figiues, especially in a cataiact of thou- 
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s, seem fai too pio&aic Neveillielcss 
Intel pi etation ol the figiues becomes 
piactice a vciy lapid mental pioccss, 
hat one sees behind them the lealiiies 
indicate 

long piece of woik of this kind is indeed 
tive in condensing a numbei of mental 
esses Anothei illustiation of a veiy 
lent kind may be given It has been 
ady explained that to guaid against mis 
s each plate is mcasuied twice over in 
ised positions The two measuies of 
stai aie lepiesented by quite diffeient 
les, connected by the lule that then sum 
>t lepiesent the whole width of the plate, 
)00 Thus, if the fiist measuie be 8 362, 
second (in the icveised position) should 
17 648, since the sum of these two num 
b makes 26 000 Now it will be seen that 
of these numbeis can be deiived fiom 
othei by the following piocesses sub 
3t 8 fiom 25 and we get 17, subtiact 3 
I 6 each fiom 0 and we get 6 and 4, 
itiact 2 fiom 10 and we get 8 This is 
tiaightfoiwaid but not veiy simple mental 
lation, which most of us would peifoim 
7 
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for the fiist time with some wanness It 
fell to the lot of one of the compnteis at 
Oxford to peifoim it many thousands of 
times in leading pioof sheets He presently 
became so adept that it was easier for him 
to lead the derived figuies than the diiect 
ones 1 If set to lead actual liguies before 
him in the usual way, he would stumble, 
but allow him to transpose them as above 
and he proceeded with confidence and accu¬ 
racy We know that pictures of external 
objects which fall on our retinas are inverted, 
and that nevertheless there is no conscious 
ness of inversion in oui perception of them , 
and this result has been ascribed (though not 
Without misconception) to long habit It 
was, however, quite new to me to find that 
the mental process described above could 
be rendered automatic by the practice of a 
few months 
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The geneial histoiy of this enteipiise as 
exemplified moie paiticulaily in the poition 
of the woik undeitaken at Oxfoid has now 
been given and it lemams to notice seveial 
incidental investigations of diffeient kinds 
which have blanched fiom the main pioject 
In a piece of woik aheady extending ovei 
about twenty yeais, in a new depaitmenL of 
science such as the application of photo 
giaphy to astionomy, it is only natuial that 
the consequences of the depaituie should 
not have been foreseen in then entirety at 
the outset 

The flist novelty which attracted our 
attention at Oxford was what is called the 
“ magnitude equation ” of the Cambridge 
nieiidian observations In order to deter 

00 
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mine completely the places of the stais on 
any one of oui photogiaphic plates, it was 
necessaiy to know the places of a few of 
them in the sky, so that we might viitually 
peg down the plate m its piopei place on 
the sky and lefei all the new and picviousiy 
unmea&uied stais to then piopci positions 
Foi this pmpose a laige numbei of meiidian 
ohseivations made at the Camhiidge Ob 
seivatoiy some yeais befoie weie ready to 
hand Having selected the stais reqiuied 
and used them without difficulty foi the 
puipose described, we found what aie called 
the “ constants of the plates ” For each 
plate two stars would have sufficed, had 
eveiythmg been theoietically peifect, but 
m ordei to compensate foi the small eiiors 
of vaiious kinds unavoidable in scientific 
woik, it was desnablt to make use of many 
moie stars than the thcoietical minimum 
From the geneial aveiage of all the stais 
considered we asceitamed the relative ciiois 
of individual stars , it was soon seen that a 
peculiaiity was manifest in the individual 
errois depending upon the biightness of the 
stai, and from independent mfoimation it 
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was known what was the leason of the 
disci epancy 

The Cambiidge obseivations had been 
made by watching the tiansii of a stai across 
spidei webs, lecoiding the time of transit 
accoiding to the clock It has long been 
known that diffeient obseiveis have a pei 
sistent peisonal chaiacteiistic which has 
been called then “ peisonal equation,” in 
viitue of which they aie systematically a 
little eaily oi a little late in then lecoids 
Moie lecently it has been found that even 
the same obseivei will vaiy in his habit 
accoiding to the biightness of the stai, the 
gencial tendency being to be late foi the 
faint stais The tendency is moie maiked 
in some individuals than otheis The Cam 
budge obseivei {the late Mi A Graham) 
apparently had a stiongly maiked tendency 
of this kind 

Vaiious methods have been suggested foi 
the valuation of this habit, especially the 
method which depends on using gauze screens 
to 1 educe the light of a stai and thus to 
substitute foi it a viitually faintei stai occu¬ 
pying exactly the same space as the blighter 
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one If the obseivei weie fiee fiom the 
magnitude equation eiioi he would make a 
lecoid of the tiansit piecisely the same in 
the two cases , but if he be subject to the 
malady, his lecoids will diffei by an amount 
which affoids a measure of his piedisposition 
Theie aie, howevei, some difficulties of a 
practical kind in using this method, and it 
was pleasant to lealise that in the photo 
graphic plate we had found a simple and 
effective means of determining the magni 
tude equation without the necessity for any 
special observations on the part of the ob 
server 

A few details may be given which bring 
out some interesting points The first at 
tempt at detecting the magnitude equation 
from the Oxford measures was made by Mr 
Hulks m 1897, when only seven plates had 
been measured {Mon Not BAS Ivii 
p 478) The material available was only suffi¬ 
cient to demonstrate the value of the method, 
Mr Hinks recording his opinion that “ when 
the reductions for the Astiogiaphic Catalogue 
are completed, it will be possible to discuss 
very accurately the personal equations de- 
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pending on magnitude ” The i eductions aie 
now completed and the discussion is being 
undei taken » but we did not wait until now 
foi confiimation of the foiecast In 1899, 
when 600 plates had been measured, an 
examination was made of the accumulated 
measuies (Mon Not lx p 8), the stais being 
giouped m half magnitudes, and it was 
found that the faintei stais had been 
** obseived late ” by Mr Giaham as follows, 
taking as standaid those of magnitude 6 0 

IDEiCBJIIMATION' OF Mb GrAHAM S MaQNIJTJDB EQUATION 

IN 1899 

s 

Magnitudes 0 B to 6 9 147 stars 0 016 late 

„ 7 0 to 7 4 320 0 026 , 

„ 7 6 to 7 9 601 0 038 , 

„ 8 0 to 8 4 672 , 0 069 , 

8 6 to 8 9, 1220 0 086 „ 

9 0 to 9 4 2001 , 0 140 „ 

It Will be noticed that there aie roughly 
twice as many stais in the second gioup as 
in the fiist, and m the thud twice as many 
again, this being the natuial inciease of stars 
in the sky as we go to faintei magnitudes 
But at the fourth gioup theie is a discon 
tmuity, owing to the fact that only half the 
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availalDle mateiial was discussed beyond this 
point The laboui was consideiable, and it 
was thought that the examination, which 
was in any case only pichminaiy, need not 
be earned fuithei at that time In the fifth 
and sixth gioups the inciease is lesumed 
The discontinuity should not, of couise, affect 
the aveiages in the last column, and we see 
that theie is an mciease of “ lateness ” which 
seems to be lapidly giowing, since not only 
the quantities themselves, but then diffei 
ences, get laigei and laigei Theie is no 
suggestion of a sudden jump, such as we 
shall notice in a moment, the smoothness 
of the giowth was consideied to be satisfac 
toiily established and the inattei was left 
theie until the piesent time The measuies 
aie now punted and a final examination can 
be made, using the whole mateiial and classi 
fying the stais m smallei subdivisions, es¬ 
pecially wheie they aie numeious, as is the 
case foi the faintei magnitudes The woik 
is only m its eaily stages but alieady an 
impoitant new fact has come to light, as 
will be seen from the following figuies, tiom 
which the biightei stais have been omitted, 
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because hitherto only a few obseivations of 
them have been collected definitively 

Pno VISION VI4 Resuits fbom mis Examination ok 1011 

s 

Magnitudes 7 9 8 0 and 8 1 81 stais, 0 049 late 



8 2 8 3 and 8 1 102 ,, 

0 052 


8 6 8 C and 8 7,107 

0 073 


8 8 and 8 0 143 , 

0 086 

1 

0 0 260 , 

0 008 

t 

0 1 138 „ 

0 166 

i 

0 2 121 

0 170 

»» 

0 3 130 , 

0 176 


0 4 81 

0 178 

> 

0 6, 164 

0 191 


The lemaikable thing heie is the sudden 
jump fiom magnitude 9 0 to 9 1, aftei which 
the fuithei change is small The actual 
diffeieiice m biightncss of the stai is so small 
that it is haid to believe that this discon- 
binuiLy can have aiisen natuially It is 
possible that the obseivei had some special 
lule of pioceduie when he set out to obseive 
a stai catalogued as faintei than 9th mag 
nitudc—^foi instance, he may have aiianged 
the illumination diffeieiitly The fuitlier 
investigation of this mattei must be left 
until moie stais have been examined, but 
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enough has been said piobably to show the 
value of the photogiaphic measuies as a 
check on intiicacies of peisonal equation 
A new enteipiise of a moie impoitant and 
unfoieseen kind aiose fiom the discoveiy of 
the little planet Eios in 1898 Oui solai 
system, which at the time when the days 
of the week weie named contained only five 
planets in addition to the sun and moon, is 
now known to consist of many hundieds, 
and new membeis aie being discoveied 
almost weekly Most of them aie tiny locks, 
piobably not moie than one oi two bundled 
miles acioss, with no peiceptible influence 
on the movement of then moie impoitant 
biotheis and sisteis , in fact, of no paiticulai 
inteiest, as fai as we can see at piesent 
Astionomeis weie beginning to get lathei 
tiled of the continual discoveiies of new 
small planets, which biought mcieased le 
sponsibihty foi keeping watch on them and 
mcieased laboui in calculating then move¬ 
ments, without any obvious advantage fiom 
the increase in oui knowledge 

It was theiefoie a distinctly sensational 
incident when one of these discoveries proved 
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bo have a consideiable impoitance, owing to 
the Tact that the tiny object moved in an 
oibit which, in one pait, was exceedingly 
close to the oibit of the eaith The oibits 
of these small planets he in geneial between 
those of Mais and Jnpitei, and up to 1898 
none of them had been suspected of ap 
pioaching the eaith neaiei than the planet 
Mais But it was seen that the oibit of 
Eios lay within that of Mais and that only 
a few yeais previous to its discovery (namely, 
in 1894) the eaith and Eios had been siinul 
taneously in the adjacent portions of then 
Dibits and had therefore been veiy close 
together 

Now such a close approach affoids an 
opportunity of a special kind foi determining 
accurately the distance of the little planet 
from the earth Usually the planets are so 
far away that then distances are many hun 
dieds of million miles, exceeding the diameter 
of our tiny eaith so vastly that it is difficult 
to institute an exact comparison between 
the two, as we must if we wish to express 
the foimei in units familiar to us The 
difficulty IS precisely the same as that which 
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we find in lealising the distances of i emote 
objects by the use of om eyes alone Theie 
IS no similar dilftculLy in pciceiving the 
distances of objects close to us^—say those 
within an oidinaiy loom they present 
diffeient aspects to oui two eyes and fiom 
these diffeiences in aspect we aie able to 
judge of the distances But the change of 
aspect IS smallei foi objects moie iemote, 
and we know that it is entiiely insensible 
foi an object so iemote as the moon In¬ 
deed, oui powei of peiceivmg distance by 
means of the diffeience in aspect foi oui two 
eyes bieaks down long befoie we leach the 
moon, although we do not always lealise the 
bieakdown, because othei methods based on 
geneial expeiiencc fiequently come to oui aid 
In the same way, astionomeis pointing 
telescopes from opposite sides of the eaith 
to the same object can peiceive its distance 
by a method similai to that we use uncon¬ 
sciously when we look at anything with oiii 
two eyes But the observations become 
difficult when the object is too fai away, 
and aie only satisfactoiy foi a compaiatively 
close object 
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The heavenly body closest to ourselves is 
oi cotiise the moon, and we know its distance 
within twenty miles U]p till 1898 the next 
closest known weie Mars and Venns, on 
lavouiable occasions , and accoidingly much 
time and tiouhle have been spent in detei- 
minmg the distances of these two planets 
when theie has been a Tiansit of Venus or 
a favouiable Opposition of Mars 

It should perhaps be lemaiked heie that 
the lelaUve distances of all the planets fiom 
the sun and fiom one anothei aie known 
with gieat piecision fiom the times which 
they take to desciibe then levolutions round 
the sun , so that when any one of them has 
been deteimined, we can obtain any other 
we please by a simple lule of three sum 
Oi, to put the matter in another way^ we 
can make an accuiate map of our solai 
system, being in doubt only about the scale 
of miles which usually accompanies such a 
map Any single distance on the map being 
known, we could constiuct this scale and so 
find all the otheis Hence it did not much 
mattei whethei we deteimined the distance 
of Mais 01 of Venus oi of any other planet 
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which might offer greater advantages than 
they; the new discovery of Eros offered 
just such greatly increased advantages. The 
opportunity is however not open always, bi;t 
only at certain times and seasons. One par¬ 
ticularly tempting opportunity had been 
unfortunately lost in 1894 owing to our ignor¬ 
ance of the planet’s existence. But it was 
seen that another opportunity was coming 
in 1901, not so favourable as that of 1894 
but still well worthy our attention. It 
may be added that the next good chance 
will not come till 1981, so that it is easy 
to understand the anxiety of astronomers to 
take advantage of the occasion of January 
1901, They were, however, taken at a dis¬ 
advantage by the comparatively short notice. 
There was no time to think of preparing 
special instruments; prudence suggested 
utilising such instruments as were already 
in good working order, and especially the 
battery of photographic telescopes engaged 
in making the Great Star Map. It needed 
a good reason to justify this diversion of 
their activities from the great work, which 
was alone sufficient to occupy their undivided 
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attention, but the leason which had pie- 
sented itseli so suddenly was felt to be 
good enough At the meeting at Pans, 
in 1900, of the Committee chaigcd with 
the woik on the map, the Piesident (M 
Loewy) pioposed that this digiession should 
be made , and the pioposal was unanimously 
adopted 

Accoidmgly foi some months dm mg the 
wintei 1900-1, most of the telescopes weie 
withdiawn from the work on the map and 
weie turned on the little planet Eios The 
chief aim of the programme was to take 
photographs as soon as possrble after sunset 
and as late as possible before sunrise, for 
on these occasions the telescope would be 
as nearly as possible on opposite sides ol 
the earth A few sentences ago we com 
pared a pair of eyes to a pair of telescope' 
pointed at the same object from opposite 
sides of the earth, but a single telescope 
may be made to serve the purpose of t 
pair, since the rotation of the earth came 
it round during the night from one side t< 
the other, and this will explain the sunse 
and sunrise exposures to the planet Eros 
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In this way many hundieds of such photo¬ 
graphs weie obtained 
The next thing to do was to measuie all 
these photogiaphs accuiately, m oidei to 
determine the place of the tiny planet among 
the stais This place was of course changing 
continually, owing to the movement of the 
planet round the sun and indeed owing to 
a similar movement of the eaith also But 
it was possible to devise methods of allowing 
for this movement and collecting the mea¬ 
sures for it There would remain the displace¬ 
ment due to “ parallax,” that is to say, to 
the finite distance of the planet which it 
was required to measure The greatest 
amount of such displacement was about 28" 
about one hundredth part of the moon’s 
apparent diameter, which it was desired to 
measure if possible to the thousandth part 
of itself Hence the measurement requiied 
a new order of accuracy , the apparatus 
aheady in use for the Great Star Map needed 
modification in essential details for this new 
enteipiise Moreover it is a familmi fact 
in scientific work that, when we pioceed to 
the next decimal place, we always encounter 
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a numbei of unfoieseen difficulties of all 
kinds, and the measuiemeni of the Eros 
plates was no exception to this lule Some 
of these difficulties arose in the course of the 
measurement at the separate ohseivatoiies 
and were vanquished as they arose Par¬ 
ticularly was this the case at our national 
obscivatoiy at Greenwich, where a complete 
determination of the distance of the planet 
was made from the Greenwich plates alone, 
without help from those of any other ob¬ 
servatory, and with very satisfactory results 
But to get the full advantage from all the 
many photographs taken it was necessary 
to CO oidinate all the measures made at the 
different observatories, which brought to 
lighb a new crop of difficulties It is to the 
lasting ciedit of Mr AH Hmks, of the 
Cambridge TJniveisitv Observatory that he 
undertook, as a volunteer but with the|full 
approval of the President of the Committee 
charged with the work, to collect and co 
ordinate all the results The labour was 
very heavy and has occupied a large part 
of his working time during ten years The 
difficulties which cropped up were new at 
8 
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every turn and great ingenuity was called 
foi in ovei coming them 
One such difficulty may be mentioned in 
illustration It has been lemaiked above 
that, when stais aie observed visually, theie 
IS apt to be a “ magnitude equation,” tea, 
diffeience between the lecoids foi blight and 
faint stars, but that the intieduction of the 
photograph seemed to offei a check on these 
errors, being itself fiee fiom them On this 
assumption Mi Hinks pioceeded to tieat 
the measuies of the Eios plates , but on 
comparing the measures at different obseiva- 
tories, he found between them just such differ 
ences as affect old visual observations undei 
the head of magnitude equation The differ¬ 
ences were not so large perhaps but were 
nevertheless sensible It may occur to the 
reader to inquiie whethei the differences 
arose in the measuiements of the plates 
which weie of course made visually , but 
such a possibility was eliminated by the 
method of measuimg each plate twice over, 
as has been explained in a pievious article, 
the plate being turned completely lound for 
the second set of measuies, any magnitude 
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equation would aifect the two sets of mea 
suies in reverse directions and could thus be 
both detected and eliminated This altei- 
native being ruled out, it followed that the 
eiioi must be in the plates themselves, and 
it was a veiy distuibing discoveiy to find 
that we had not, as had been hoped, fieed 
oui selves fi om such a kind of erioi by the 
intioduction of photography 

Some comfort was forthcoming fiom the 
further discovery that many of the plates 
were sensibly free from this eiioi, but these 
only increased the puzzle What could be 
influencing those which showed unmistak¬ 
able traces of it ^ Ultimately the cause was 
found in a faulty lens or rather in the faulty 
arrangement of the pair of lenses which go 
to make up the object glass of a telescope 
We have now realised that this arrangement 
must be carefully made, and that faults 
render us liable to this old trouble, but it 
also seems probable that with care on the 
part of the instrument maker, the trouble 
can be avoided or, at any rate, rendered 
conveniently small It is easy to sum up 
in a few words in this way the net result of 
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the mvestigation, but the investigation 
itself was a long and tedious one and is 
perhaps even yet scaicely complete It was 
faced, along with many otheis, with gieat 
coiuage and patience, with the ultimate 
result that, in the spiing of 1900, Mi Ilinks 
was able to announce to the Pans Academy 
of Sciences a most satisfactory lesult foi the 
distance of the planet and, by implication, 
foi that of the sun and of the othei membeis 
of the solai system ^ 

He was also able to add a value foi the 
mass of the moon It may seem stiange 
that this altogethei different measuiement 
of mass IS to be deduced fiom the figuies 
which give us a measuie of length , but the 
fact IS that we ineasuie the mass of the moon 
by noting a ceitain length, namely, the 
distance by which it pulls the eailh fiom 
side to Side as it waltzes lound with it 
The eaith and the moon may be compaied 
to a pan of paitneis dancing lound a hall- 
loom , if they weie of equal size, they would 
swing equally to light and left of then 
aveiage path, but the moon is much tho 

‘ See Note XI 
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smallei and only pulls the eaitli a veiy little 
way fiom side to side Ncveitheless the 
oscillation is perceptible and it alteis the 
aspect of the planet Eros in the same kind 
of way as the oscillation of a telescope fiom 
one side of the earth to the othei Indeed 
the two oscillations aie combined togethei 
in the measuies and we only separate them 
by the fortunate mcumstances that one 
takes place in a day and the othei in a month 
Befoie leaving the conclusion of this gieat 
pioblem of the planetaiy distances, which 
has come down to us through the ages, a 
woid 01 two may be devoted to its history 
The Greeks made attempts to determine the 
sun’s distance, but they weie veiy cmde 
foi example Aiistaichus of Samos made it 
only nineteen times the distance of the moon 
or about 4^ million miles, and it was long 
before anything like the tiue value (about 
98 millions) was ai rived at In the middle 
of the nineteenth centuiy the maigin of 
doubt was some millions of miles, but it 
was expected that the tiansits of Venus m 
1874 and 1882 would reduce thrs margin 
within nariow limits The obseivations 
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made at these famous tiansits weie howevei 
veiy disappointing, and even befoie the 
second of them was due, some astionomeis 
had aheady turned to othei methods foi 
finding the sun’s distance, especially the 
obseivdtion of the planet Mais and latei of 
one oi othei of the small planets The best 
deteimmation of this kind, pievious to the 
Eros deteimmation, was that by Su David 
Gill at the Cape of Good Hope about 1889, 
who obtained a result closely like that at 
which Ml Hinks aiiived twenty yeats latei 
But there aie other measurements which 
bear an interesting relation to this direct 
measure of distance, especially those which 
compare the velocity of the earth in its 
revolution round the sun with the velocilj'’ 
of light This compaiison can be made in 
two entirely independent ways which take 
account of two entiiely independent move¬ 
ments of a star, one diiectly m the line of 
sight and the other at right angles to it 
Until the invention of the spectioscope, the 
latter was the only movement of a star, real 
or apparent, of which we could take account 
It was discoveied by Bradley early in the 
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eigMeentli centuiy that hy noting the ap- 
paient changes in. diiection of any stai, we 
could find the latio of the eaith’s velocity 
to that of light, foi the aheiiation, as he 
called it, was due to the ielation of these 
two velocities Hence if we can find the 


velocity of light hy independent means, we 
can deduce the velocity of the earth and 
fiom this the length of its path dm mg one 
yeai , fiom this the ladius of its orbit can 
be found, which is the quantity we seek 
Now the velocity of light has been success¬ 
fully measuied hy teiiestiial expeiiments 
with sufficient aceuiacy, so that the distance 
of the sun can be deduced fiom measures 


of abeiiation But cuiiously enough the 
value so found does not quite accord with 


that given hy Su David Gill and confirmed 
by Ml Ilinks The discrepancy has been 
lendeied moie remarkable within the last 
year oi two by the successful measurement 
of abeiiation by the otliei method, using the 
spectroscope, which enables us to 
the velocity oi a ttai in the line 
The velocity thus found is partly that o 
the star and partly that of om earth , 
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many cases (though not in all) we may con- 
sidei that of the stai as steady, but that 
of the earth vanes duiing the yeai, being 
sometimes towards a paiticulai star and 
sometimes dnectly awry fiom it By com- 
paiing the obseivations on these two occa¬ 
sions, we can eliminate the steady velocity 
of the stai and deduce the velocity of the 
eaith alone, fiom which we get, as befoie, 
the distance of the sun 

Now measures made recently on this plan 
have given a result in satisfactory accord¬ 
ance with that of Gill and Hinks, and have 
thus lendeied the isolation of the other 
result from aberration the moie remarkable 
There are some who thmlc that the disciep 
ancy will ultimately lead us to the discovery 
of some new phenomenon about which we 
are at present entirely in the dark To il¬ 
lustrate what is in then minds we may recall 
that Lord Rayleigh was led to the discovery 
of Argon by paying attention to minute dis¬ 
crepancies in the values he obtained for the 
density of nitiogen fiom different sources , 
and not only was the discovery of Argon 
important in itself but it has led to others 
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of va&t impoitanoe So that all these may 
be said to have oiigmated in the study of a 
minute di&ciepancy between two measuies 
of what puipoited to be the same quantity 
Is it possible that the future may have in 
store for us similar weighty consequences, 
tiaceable to the study of this disciepancy 
m the measuie of the sun’s distance ? 

But astionomeis know only too well how 
easily such disciepancies may turn out to 
be due to some source of eiioi that has been 
oveilooked Then science is concerned, 
perhaps moie than any othei science, with 
minute measuiemonts which a minute eiioi 
will nullity 01 disturb, and they must be 
continually leady to see the edifices which 
they have spent some labour in building 
tumble down like a house of caids owing 
to some tiny flaw in the foundations An 
instance of this occuiied as a by pioduct 
of the Oxfoid measuies and will serve as 
an illustiation In the yeai 3902 Sii David 
Grill made the suggestion that the brighter 
stars were apparently rotating as a whole 
with lespeet to the fainter stais as a whole, 
basing it upon many thousands of obseiva 
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tions made at two epochs about half a cen 
tmy apait If the whole univeise was 
rotating together we might not be able to 
peiceive it Many familiar tests would fail 
just as they failed to leveal the rotation 
of the earth to oui ancestors Should we 
have yet learnt this great fact if om slcy 
had been permanently cloudy so that we 
never saw the stars ? We mrght have sus 
pected it from the recurrence of daylight, 
and we might have actually inferred it if 
we could have surveyed the earth in some 
way and found its equatorial bulge, which 
we might have rightly ascribed to the effects 
of rotation Similarly we might be able to 
infer the rotation of the whole universe of 
stars if we can be sure of its equatorial bulge 
of which the Milky Way is a possible mani¬ 
festation That brilliant thinker Henii 
Poincai6 has made a rough estimate of a 
superior limit to such a rotation in his book 
Science et MHhode (p 285), finding a second 
of arc in 3,000 yeais, or a complete rotation in 
foul thousand million years, which is i eally not 
very long considering that geologists would 
like to take it all for the life of om earth itself 
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But Sii David Gill was not dealing with 
tins geneial lotafcion of all the stais together 
he thought he had detected o.^elaUve lotation 
of the blight stais and it seemed possible 
that some evidence might be gathered fiom 
the photographic measuies in the following 
way Of the stais whose places had been 
deteimined at Cambiidge about 1880, some 
had been photogiaphed at Oxfoid m 1892, 
otheis (say) in 1902 Assuming that theie 
was in leahty a relative diift of the bright 
stais as suggested, the plates of 1892 ought 
to show ten yeais of it when compaied with 
the Cambiidge observations of 1882, whilst 
those of 1902 would show twenty jeais of 
it By simple subti action we could get ten 
yeais of the diift The subtiaction is len- 
deied necessary by the existence of the 
“ magnitude equation ” aheady noticed at 
the beginning of this article, which would 
affect both deteiminations of diift and pie 
vent the di ift fi om being identified fi om eithei 
souice by itself, though it could be found 
fiom then diffeience if it could be lightly 
assumed that the effect of magnitude equa¬ 
tion was the same in both cases The ex- 
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peiiment was accoidiiigly tiied, though 
scaicely undei such lavouiable conditions 
as sketched above with the le&ult that a 
drift of the blight stais seemed to emeige 
of about the magnitude assigned by Sii 
David Gill but in the conti ai y direction {Mon 
Not R AS 1 x 111 p 66) Attempts weie 
made to find a leason foi the disci epancy 
but on extending the enquiiy to movements 
in declination {Mon Not Ixiv p 8), piopei 
confiimation was not foithcoming, and it 
was suspected that theie was some unknown 
souice of eiroi {loc cit p 18) At that time 
it had not been suspected that magnitude 
equation could occui m photogiaphic men 
sures, but when subsequently Mi Ilinks 
came acioss a gioss case of it in the woik 
on the El os photogiaphs, as above mentioned, 
it was seen that the unknown souice of ciioi 
had piobably been detected and the signifi¬ 
cance of the measuies was thus destioyed 
(see Mon Not Ixv p 56) 

But if in this instance we failed to obtain 
what was seal died foi with much laboui, 
on anothei occasion we made a consideiable 
find without looking foi it at all The his- 
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oiy oi om Oxfoid poitioii of the map was 
iiade icmaikalDle by the quite unexpected 
liscovciy of a New Stai It would be possi 
■>lc to institute a legulai seaich foi new 
objects by the use of stai maps, comparing 
one plate with, anothei taken on a different 
date , again, if the spectia of the stais are 
photogiaphed as at the Haivaid Obseiva 
toiy, then a new stai might leveal itself on 
inspection of a single plate by the peculiarity 
of its sptctxum But neither of these 
methods was in the least degree in oui minds 
in the couise of the Oxford work on the 
map and the discoyeiy was entiiely acci¬ 
dental, as will be seen fioni the following 


account 

At the beginning of the year 1903 we were 
within sight of the completion of the mea- 
suies and hoped to leach it before the end 
of the yeai Foi several reasons the attua 
completion was ultimately delayed 
this date bxit that is a point which does 
not coiicein us just now In the rope o 
completing the measures before t ic 
woi, we Li. malang peat etfoUs to 
all the plates which had not yet een 
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H the favomable season foi taking a pai- 
ticulai plate befoie it “ luns into daylight ** 
IS lost, we may have to wait neaily a yeai 
befoie anothei oppoitiinity lecuis , so that 
it was impoitanL to obtain all the January 
plates m Januaiy 1903, not leaving any 
gaps foi January 1904* To expedite matteis, 
when theie came a specially fine night oi 
two, a laige numbei of plates weie taken, 
which weie set aside foi development until 
the good weathei was gone In England 
we have leaint to piize these exceptional 
nights, and it may be lemaiked in passing 
that we occasionally get nights as good as 
anywheie in the woild, though the occasions 
are not so fiequent as in Cahfoiuia, foi 
instance All too soon the indiffeient 
weathei came, the plates weie developed 
and, to oui gieat disappointment, it was 
found that they wei e not satislactoi y Thei e 
had been an unfoitunate failure in sensitive¬ 
ness of the films, which is appaientlv liable 
to happen in the manufacture of extremely 
lapid plates , when stiaming at the limit 
of sensitiveness some veiy slight cause may 
produce a notable failure to reach that limit 
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The disappointment was the gieatei because 
it was piacticallv the first of the kind, 
thioughout the whole woik the plates had 
been uniformly satistactory, m spite of the 
risks 3 ust mentioned, otheiwise we might 
pel haps have been on our guaid against the 
shoit coming Theie was, howevei, nothing 
f 01 it but to take the photographs again, and 
if there had been need foi special exertion 
before, this need was now much greater in 
consequence of the diminished time at dis¬ 
posal No very great surprise therefore 
was felt when one or two of the new plates 
were found to be faulty from a different 
reason There was no further failure in 
sensitiveness, for the plate makers were most 
sympathetic about our disappointment and 
immediately furnished an excellent batch of 
new plates The fault was now that the 
telescope had not been aceuiately pointed 
to the right region of the sky—a kind of 
mistake which might reasonably be ascribed 
to the strain of working against time But 
it IS a good rule in astronomical work (prob¬ 
ably also in other walks of life) to get tc 
the bottom of any mistake if possible, an 
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so it proved m this instance On compaiing 
one of the wiongly set plates with anothei 
of the same legion, it was seen that it con 
tamed a stiange object which ultimately 
pioved to be a New Stai The mistake had 
aiisen because it is customaiy to select as 
guiding stai the biightest in the ncighboui- 
hood (as being most easily identified) and 
the new star had blazed up so as to be 
biightei than any othei neai it, so that 
Ml Bellamy had accepted it without question 
as the one to which he was to point his 
guiding telescope during the taking of the 
photograph 

We could not be suie foi some little time 
of the natuie of this object It might b< 
a planet oi a vaiiable stai The fiist altei 
native was soon disposed of, because it i< 
easy to look up the places of the planet< 
which could be blight enough , and, moie 
ovei, a planet would piobably have betiayec 
itself by a slight movement between tlu 
thiee exposuies given to each plate in thi 
making of the map The second altcinativ 
occupied attention lathei longer Theic ar 
many stais scatteied ovex the sky whos 
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biightness vanes consideiably, &o that they 
might at one tunc show an emphatic image 
on one plate and at anothei time be too 
iaint to allect the plate at all Many of 
these aie -well known and can be found m 
catalogues aheady published, otheis are 
being discoveied yeai by yeai and no doubi 
we aic still unawaie of many to be discoveiec 
in the futuie Dining the afternoon th< 
lists weie seaiched without finding anj 
mention of a “variable” in that paiticula 
neighbouxhood, and when m the evenini 
the siai was found to be still shining in th 
exact place of the photogiaph, telegxam 
weic sent to othei obseiveis inviting thei 
attention Lo li as piobably a New Stai 
Any lemaimng doubts weie dispelled by tli 
spcciioscopic obseivations, and Nova Gem 
noium took its place as No 18 m the Ir 
of Novce which had been discovered in tl 

hisioiy of astionomy 

Headers of the daily pi ess will probab! 
have seen lecentlv an announcement o 
similar discoveiy by the Rev T E spi 
oI Dailmgton. which is No 22 m W 
foi duiing the past autumn no ess 
9 
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thiee special objects weie discoveied at the 
Haivaid Obseivatoiy fiom the examination 
of photogiaphic plates The total numbei 
IS, liowevei, still not laige, though fiom the 
facts that up to the yeai 1884 only eight 
had been recoided and that the othei 
sixteen have all been found in the last 
qiiaitei of a centuiy, we may inlei that 
the laiity is paitly due to oui own lack 
of vigilance, and that the few discoveries 
recorded would piobably have been supple¬ 
mented by many others had a more systema¬ 
tic watch been kept 

We aie at present not veiy well informed 
as to the nature of the celestial event which 
IS represented by the appearance of a new 
stai A few things about it we know In 
the first place the event is a sudden one, 
the light of the star incieasing enormously 
within a day or two by something like twelve 
magnitudes—^that is to say, m a latio of 
about 1 to 80,000—^then the light slowly 
diminishes—slowly but not quite steadily , 
there are fluctuations in the course of the 
diminution, and these fluctuations were 
specially noticeable in the case of the new 
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star o^ 1901 —m Peiseus Sn Robeit Ball 
gave us, at the Royal Astionomical Society, 
an amusing account of his expciiences at the 
time when the fluctuations weie such as 
would cause the stai fiist to disappeai to 
the naked eye and then to icappeai again 
He had taken a paity of visitois into the 
open to show them the new stai, only to 
find that it had disappeared, on the next 
night he took out another paity to show 
them the disappeaiance and, as though to 
spite him, it had leappeaied again But 
these weie only terapoiaiy vagaries, as the 
star was soon peimanently lost to oui sight 
and then even to telescopes of model ate 
powei It still lemains, howevei, as a veiy 
faint object visible in laige telescopes 
Another incident in the history of this 
paiticulai new stai may be noticed, for it 
seems to tell us something about the origin 
of such objects When the light had be 
come very faint, so that photographs of the 
legion were neces&aiily taken with long ex 
posuies, theie was found to be a faint 
nebulous light suiioundmg the star, and 
successive photogiaphs showed that this 
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nebulous appeaiance was expanding in all 
dnections, just as though theie had been an 
explosion and the hagments weie still flying 
outwaids The phenomenon aioused the 
gieatest possible inteiest, foi a lapid change 
—^that is to say, any change which is pei 
ceptible in a few weeks—^is almost unpie- 
cedented in the case of the stais and could 
have only one of two explanations eithei 
the stai IS specially close to us so that the 
changes appeal laigei than usual or, if the 
stai be at a distance similar to those of othei 
stais, the changes themselves must be on a 
gigantic scale It was soon seen that the 
lattei was the light alternative and it was 
mfeired that the velocities of the flying 
fiagments must be compaiable with the 
velocity of light (neaily 200,000 miles a 
second) 

Now theie is an inteiesting physical ques¬ 
tion, whethei it is possible for gioss matter 
to move thiough the ethei with a velocity 
greater than oi even as gieat as that of light 
At fiist the hope was enter tamed that we 
were going to get some information on this 
inteiesting question, but a more practical 
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alternative was suggested, viz that the 
velocity exhibited was not that of matter 
but actually that of light itself The oh 
served tacts would be explained if th< 
nebula had been m existence previously bul 
had been without illumination, so that w< 


were unaware of it, just as we aie unawai' 
of an object in a daik room until a flash o 
lightning illuminates the loom In such 
case the illumination, appeals to he instar 
taneous, but since light does actually tak 
lime to travel, it cannot he quite instai 
taneous, which we should realise weie tl 
loom billions of miles in size The rooi 


taken, up by a nebula is of this size an 
the flaie-up of the new stai theiefore illi 
minated it giadually, beginning with tl 
neaiei portions and spreading to those mo 
distant as time went on This explanatic 
of the facts was confiimed hy a remarkab 
cxpenment The light of the nebula 
analysed by means of the spectioscope 
found to correspond with that of the origm 
flaie A spectrum is, aftei all, on V ^ 
fled name foi a colour , 
the facts m simple language hy 
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names of colouis The events would then 
be as follows the stai lose to its gieatest 
biightness with a blue light, which after- 
waids turned to led and lemamed led as 
the light died away Now the light of the 
nebiila was not found to be led, as it would 
have been if it belonged to the stai in its 
latei stages, but was found to be blue, and 
must theiefoie owe its existence to the blue 
flaie some months pievious, which had taken 
that tune to tiaveise the huge distances 
sepaiating the outlying poitions fiom the 
centre If this be so, we may fuithei suspect 
the nebula of having been concerned in some 
way m the oiiginal outbui&t It seems plan 
sible that some kind of encountei between 
the previously faint star and the previously 
faint nebula should have resulted in a great 
development of heat and light which sent 
the news to us 

It would be interesting to get confirmation 
of this possibility in other cases, but un 
fortunately the conditions aie not always 
so favourable Nova Peisei blazed up 
biightei than the fiist magnitude stars, and 
though there have been New Stais even 
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biightei than the^e (such as that of 1572 
which was even visible m the daytime), most 
of those we now find aie much less blight, 
so that if they axe accompanied by the 
illumination of nebulae om lesoiuces aie not 
able to photogiaph them 
Here we must conclude this biief leview 
of a qiiarlei of a centuij-’s woik on the Gieat 
Stai Map and othei matteis related to it 
The woik is fai fiom concluded as a whole, 
though two poitions of it have been so far 
finished as to enable us to foim some idea of 
the completed whole But the attainment 
of any paiticulai stage is aftei all only an 
incident in a journey, foi in a veiy leal sense 
the map will never be finished Oui leal 
concern is not with the state of the heavens 
at any paiticuUi moment, but with the 
changes which may be discerned by com 
paring one epoch with anothei, accordingly 
when we have mapped out any region satis 
factoiily we are not at the end but at the 
beginning Oui real woik consists in ualcb 
mg the development of change, which may 
be slow to declaie itself to our biief hve 
but will peisist lelentlessly duiing eternit 
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ASTRONOMERS PRESENT AT THE CON 
FERENCE WHICH MET AT PARIS ON 
APRIL 16,1887 AND FOLLOWING DAYS 


V S A^ILRICA (3) 
Plltin 
Patera 

Winterhalter 

ABaENTINU RHP (1) 
Benf 

AUSTRALIA (1) 

RuBfiell 

AUSTRIA (2) 

Eder 

WeisB 

BELOICBI (1) 

Polie 

BRAZIL (1) 

Cruls 

CAPE or COOD HOPE 
Pill 

DENMARK (2) 

PecliUle 

Thiele 

ENOLAND (0) 

Clinstio 

Common 

Knobel 

Perry 

Roberta 

Tennant 


FINLAND (1) 
Donner 

PRANCE (20) 
Baillaud 
Bertrand 

Bouquet de la Grye 

Clou6 

Cornu 

Pays 

Tizeau 

Gautier 

Henry (Paul) 

Henry (Prosper) 

Janssen 

LauBsedat 

Lmrd 

Loewy 

Mouchez 

Peiriei 

Rayet 

Tisseiand 

Tripled 

Wolf 

GERMANY (0) 
Auwera 
ICxueger 
Lolififl 
Sohoenfold 
Steinheil 
Vogel 


( 1 ) 


1 
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HOLLAND (3) 
Bakhuyzeii 
Kapteyn 
OudGmane 

ITALY (1) 
Taooluni 

PORTUGAL (1) 
Oora 


NOTES 

RUSSIA (2) 
Ilaasolboig 
Stmvo 

SPAIN (1) 

Pujazon 

SWEDEN (2) 

Dun6r 

Gyld6n 

SWITZERLAND (1) 
Gautier 


II 

SOME OF THE LEADING RESOLUTIONS 
OF THIS FIRST CONFERENCE 

1 Les piogi^s i^ahsds dans la Pliotogiaphie 
Astionomique exigent imp&ieuiement que les 
astionomes de notie epoque enUepienncnt en. 
commun la desciiption du Ciel pai le moyen des 
proc6d6s photogiaphiques 

2 Ce tiavail sera fait dans des stations A choisir 
ult^rieiirement, et avec des instiuments qui devront 
etie identiqnes dans leui paities essentielles 

3 Les buts pimcipaitx seiont 

{a) DediesseiuneCaitephotogiaphiquegdn6iaIe 

u lel pom I’6poque actuelle, et d’obtenu des 

onnees qm peimettiont de fixei des positions et les 
giandeurs de toutes les dtoiles, jiisqu’a un oidic 
c eteimin^, avec la plus giande pi ^cision p ossible (les 
grandeuis dtant entendues dans un sens photo- 
graphique \ ddfinir) 

(b) De poiuvoir aux jneilleuis moyens d’utihseij 
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fcant k I’^poque actuelle que dans I’aveiiir, les 
donndes fouinies pai les pioc4d€s photogiaphiques 
4 Les mstiuments emploj^s seiont exclusive 
ment des i^fiacteuis 

(The lemainmg 20 lesolutions are more tech 
meal) 


III 

LIST OF OBSERVATORIES WHICH ORIGI 
NALLY UNDERTOOK THE WORK OF 
THE GREAT STAR MAP 


ObscTffttory- i 

NfttlOD 1 

1 

Position on CarUi 

Belt of Sky 

1 No or 

PlntoB 

Opeenwioh 

Britisli 

Lat Long H 

b m 8 
4^61 29 0 0 0 

+ 90 to +0S 

1149 

Iiome( Vatican)' 

Italian 

t 61 

0 10 19 

+ 04 to +66' 

1040 

Catania 

Italian 

1 4-37 30 

1 0 20 

+64' to +47' 

1008 

lielsingfoiB ' 

Russian 

•f 60 10 

1 39 49 

+40 to+40 

1008 

I^otedam ' 

German 

1 4-62'23 

0 62 16 

+39'to +32 

1232 

Oxford (Umv ) i 

British 

i-61 18 23 65 0 

+31'to +26 

1180 

TariB • 

Prenoh 

+48' 60 

0 9 21 

+24 to+18 

1260 

Bordeaux 

rrench 

+41 60 23 67 641 

+ 17 to+11“ 

1260 

Toulouse 

1 French 

1 h43 37 

0 5501 

+10 to+ 6“ 

1 1080 

Algiers 

1 Pronch 

+ 36 18 

012 8 1 

+ 4 to - 2“ 

1260 

San Periiando 

, Spanish 

+ 30 28 23 36 11 

-3 to - D' 

1260 

Taoiibaya 

' Mexican 

1 +10 04 17 2)13 

-10 to -16 

126C 

Santiago 

, Chilian 

- )3 27 10 17 14 

-17 to -23 

I26C 

Ca Plata 

Argentine 

-31 66 20 8 23 

-21“ to -31 

138C 

Rio do Janeiro 

, Bia/ihan 

-22 64 21 7 19 

-32 to -40 

1371 

Cape of Good 
Hope 

British 

-33“ 66 

1 13 66 

-41 to-51' 

m 

Svdnev 

1 Australian 

-33 62 10 4 60 

-62“ to -04 

140< 

IMeibourne 

Australian 

-37“ 60 

0 30 641 

— So'to —00 

114< 


I 


In 1900 the three zones assigned to Santiago, 
La Plata, and Rio dt Janeiro, which had not been 
commenced, were assigned to Monte Video, Coy 
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doba (Argentine), and Peith (W Anstiaha) re 
spectively The last two aie at woik on their 
zones, but Monte Video was not able to make a 
stait, and the zone was m 1909 leassigned to San 
tiago and Hyderabad conjointly 


IV 

TABLE SHOWING THE POSITIONS OF THE 
CENTRES OF THE PLATES IN THE SKY 

The length of a belt of the sky paiallel to the 
equatoi deci eases as we appioach the poles slowly 
at flist, but lapidly latei The aiea of sky coveied 

by a single plate lemains the same and hence we 
requue fewei plates to go lound the belt, unless 
we allow them to overlap A small oveilap is 
arranged foi in any case, as an obvious piecaution 
and by the ariangement of plates adopted this is 
allowed to giow until a convenient change can be 
made Thus at the equatoi it takes 180 plates, 
each 2® wide, to go lound the whole ciicuit of 860'* 
A belt paiallel to the equator, but 20® distant fiom 
it is smallei and would only icquiie 180 x 909 
01 169 such plates, without oveilap We could 
therefoie save 11 plates if we liked But this 
economy is not consideied sufficient to outweigh 
the convenience of having the centres of the plates 
placed exactly one above the other in the sky, 
instead of being at unequal inter vals Accoi diiigly 
the plate centres are chosen to be exactly one 
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over the other foi a belt 26® wide on each &ide 
of the equator It must be remembeied however 
that there aie two senes of plates, coveimg the 
sky twice ovei and the centres of the second set 
aie placed at the eoineis of the fiist 
Hence if the centies of the fiist set be at 

h m b m h m U m 

Docl ()«, RA 0 0 0 8 0 10 0 24 &o 

Deol a RA 0 0 0 8 0 10, 0 24 &o 

Dotl 4®, RA 0 0, 0 8, 0 16, 0 24 &o 

then those of the second set will be exactly inter 
mediate both in declination and RA t e they 
will be at 

li in h m h m 

Deol 1° RA 0 4, 0 12 0 20 Ao 
Deol 3 RA 0 4, 0 12, 0 20 &o 

On reaching 28® of declination the inteival be 
tween the plates is changed to 9"* of BA instead of 
8™, so that 100 of them suffice to make the circuit 
Then centres aie at 

h ra li m h m 
RA 0 0 0 0 0 18 Ao 

and so aie those of zones 80°, 82°, 84i®, and 86 
The centies of the second set should thus, to fulfil 
the aiiangement exactly, be at 

h jn b 10 

0 44, 0 13J &o 

but It was felt that the half minute might intio 
duce meomemences and it was dropped, so that 
the centies are placed at 

h m h lo 

0 4 0 13 &o 
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With 

these few words of 

explanation, 

the 

general 

lea&ons foi 

the 

1 following 

aiiangement 

will he 

toleiably deal 










Positions 

or 

Plate Centres 


First 

Set 


Deolinations 



Ilighi 

; Vscciialons 


No In 






in 

h 

m 

h 

m 


i5ono 

0 : 

2 4 

to 

26 

0 

0 

0 

8 

0 

10 

&0 

180 

28 

30 

to 

30 

0 

0 

0 

9 

0 

18 

&0 

100 

38 

iO 

to 

18^ 

0 

0 

0 

10 

0 

20 

&0 

lit 

60 

62 

to 

58 

0 

0 

0 

12 

0 

21 


120 

60 

& 62 



0 

0 

0 

16 

0 

32 

&0 

90 

64 

& 66 



0 

0 

0 

18 

0 

36 


80 

68 

& 70 



0 

0 

0 

20 

0 

40 


72 

72** 

& 74 



0 

0 

0 

21 

0 

48 

&o 

GO 

76 

^ 78 



0 

0 

0 

30 

1 

0 

&o 

43 

80 

& 82 



0 

0 

0 

40 

1 

20 

&o 

30 

84 




0 

0 

1 

0 

2 

0 

&0 

21 

86 




0 

0 

1 

30 

3 

0 

&0 

10 

88 




0 

0 

2 

0 

4 

0 

&0 

12 



and 

a single plato 

at 

the 

1 Pole 




Positions 

or THE 

Second 

Set 



Declinations 



lllgilt Vscaneions 


No In 





h 

m 

h 

m 

h 

m 


Zone 

1 

3 6 to 

27 


0 

4 

0 

12 

0 

20 

&0 

180 

29 

31 to 

36 


0 

4 

0 

13 

0 

22 

&0 

ICO 

37 

39 to 

47 


0 

6 

0 

16 

0 

26 

&iO 

U4 

49 

61 to 

69 


0 

6 

0 

18 

0 

30 

&;o 

120 

01 

63 



0 

8 

0 

24 

0 

32 

&o 

90 

66 




0 

9 

0 

27 

0 

46 

&0 

80 

07 

<k 69 



0 

10 

0 

30 

0 

60 

&0 

72 

71 

& 73 



0 

12 

0 

30 

1 

0 

&0 

00 

76 

& 77 



0 

16 

0 

46, 

1 

16 


48 

79 

& 81 



0 

20, 

1 

0 

1 

40 


30 

83 

& 85 



0 

30 

1 

30 

2 

30 



87 




0 

46 

2 

16, 

3 

46 


10 

89“ 



1 

30, 

4 

30, 

7 

30 


8 
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V 

NUMBER OE STARS IN THE OXFORD 
ZONES 

As will be seen from the hst of obseivaiones (HI 
above) the 7ones with plate centies in decimations 
4-25° to -b31° weie assigned to the Univeisity 
Observatory, Oxford The measuies were com 
pleted m 1904, and the following flgiues will give 
some idea of the woik The total numbei of 
plates measured was 1180, so that in each of the 
24 hours of RA there were (a fraction over) 49 
plates, though the arrangement of centres makes 
the figures vary a little sometimes 50 or 51 and 
sometimes 48 being credited to a particular hour 
For the sake of uniformity a collection has been 
applied to reduce each horn to a fictitious 40 
plates, and the numbei of stais is given (to the 
nearest 60, to avoid useless refinement) in the 
second column of the tabic 

In the third column is given the aveiage ratio of 
the stars measured to those shewn m Aigelander s 
charts, which represent the most extensive pre 
vious information of the kind It will be seen 
that the numbei has been increased more than 4 
times, while the increase in acemaey (not, of course, 
shewn m the table) is peihaps 20 times ^ ^ 
Milky Way crosses the Oxford zone at 5—6 
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and again at 19*'— 

20'', and 

it will be seen how 

greatly the numbei 

s ineiease 

in these legions 


Total Stars 

Ratio to 

b 

on 49 Platos 

Argclander 

0 

12800 

40 

1 

18400 

46 

2 

12660 

47 

8 

12660 

47 

4 

8460 

33 

6 

22050 

4 8 

6 

24860 

40 

7 

17650 

4 2 

8 

18650 

4 1 

9 

10300 

40 

10 

9460 

4 1 

11 

7600 

80 

12 

8450 

40 

18 

7900 

4 0 

14 

8850 

40 

16 

9600 

41 

10 

12750 

47 

17 

22800 

6 2 

18 

26600 

6 6 

19 

48600 

6 9 

20 

88800 

60 

21 

23100 

4 9 

22 

18500 

4 0 

28 

18860 

41 

Total 

898600 


Some of the plates taken in the eaily yeaie 
showed an insufficient nuinboi of stars These 

have now been taken again, and the total number oi 
stars has been thereby moreased by about 79^000 
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VI 

SIZE AND WEIGHT OF PUBLICATIONS 

The Map consists of two diffeient parts (a) The 
Chmi9i which aie enlaigemonts (by hehogiavuie 
or othei photogiaphie piocess) of the long exposuie 
plates on twice the ongmal scale (linear), (h) The 
Catalogue, giving the measures of the expo&uie 
plates 

(a) It seems improbable that moie than a poitiou 
of the chaits will evei be publislied The publica 
tion is very costly (from £5,000 to £10,000 pei 
observatory) and can only be affoided by the 
wealthier observatories But the part of the sky 
containing the ecliptic will probably be completed, 
as it has been definitely undertaken bj the French 
nation The charting of the ecliptic was indeed 
undertaken by them befoie the advent of photog 
raphy, and they have shown a most praiseworthy 
desiie to cairy it to accomplishment by the new 
method The Pans chaits are on paper 17 m x 22 
in and the 1260 chaits of this obseivatoiy will 
make a pile of papa of this area 22 inches high 
weighing about 280 lbs If the whole sky uei( 
completed in the same way the pile of paper wouU 
be 82 feet high and weigh some 4,000 lbs Vauou 
devices ha\e been adojited foi stoiing the chaib 
but the most successful is the “ vertical filing 
system recently intioduced at the Royal Astrc 
nomical Society 
10 
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NOTES 

(l!>) The Catalogue is being published in veiy dif 
feient ways by the dilfeientobseivatoiies Potsdam 
foi instance is publishing the measuies as they are 
made, with no lefeience to the oidei of plates m 
the sky The punting is on a geneious scale, 67 
phtes occupying a volume 12 in x 10 in x m , 
weighing 5 lbs On this scale there will be 22 vol 
limes foi the Potsdam plates alone, occupying 2^ 
feet of shelf loom and weighing 110 lbs On the 
same scale the whole catalogue would consist of 
887 volumes, occupying 45 feet of shelf xoonci and. 
weighing neaily a ton But oihei obseivntoiiea 
have adopted a moie compact aiiangement The 
Gieenwich measuies aie completely published in 
two volumes weighing 17 lbs altogethei and occu" 
pymg only 5^ inches of shelf loom—^less than one- 
fifth of the Potsdam dimensions and the Oxfoid 
portion ill 7 volumes occupying inches when 
bound Neveitheless even on the Gieenwich scale 
the weight of the catalogue would be consideiable— 
say 380 lbs, without the extia volumes devoted 
to discussions of lesults 

VII 

ACCURACY OF THE RESEAUX 

The rese lu is a piece of plate glass coated with 
silvei and luled with two sets of cioss lines 6“'"* 
apait, and at light angles to each othci If 
placed neaily m contact with a photogiaphic film 
and exposed to paiallel light, the light only pene- 
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tiates thiough the luled lines, which aie thus 
photogiaphed and appeal togethei with the stai 
images when the plate is developed In the 
measuiemcnt oi the plate these lines aie tieated 
as exactly equally spaced and exacllj at light 
angles, but ot coiuse 

(а) The lines may nol be equally spaced, e g 
the aveiage inteival in the od dnection may be 
S™” exactly, and in the y diiection may be a 
little moie oi a little less In this case the “ scale 
value ” of the w ineasuies mil differ fiom that of 
the y ineasuies If we photogiaph such a leseau 
twice on the same plate, turning it lound thiough 
00* between the exposures (so that a lines of one 
exposuie tall neai y lints of the othei) we can 
leadily check this eiioi by measuiing the a spaces 
between the lines foi diffeient values of a, and the 
y spaces foi diffeient values of y 

(б) The lines may not be at light angles This 
would give a dilterent ‘ onentation ” m a measuies 
and y measuies The eiioi can be checked by 
the same double exposme, fiom the vaiiation of 
to spaces with y (oi y spaces with ®) 

Instances aie given of these geneial eiiois, and 
of then detection fiom measuies on stais befoie 
they weie measiui d as above, m Mon Not BAS, 

Ixxi pp 117-8 The diffexence in spacing IS about 

1 in 10,000 and the deviation fiom a light angle 
IS about 80which is a quantity of the same order 

(c) In addition to geneial oi aveiage defects 
such as these, the individual lines may be wiongly 
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spaced or may be inclmed to the otheis, or may be 
curved instead of straight No line is perfect, but 
the errors die generally small enough to be neglected 
fo7 ihe wo7le of the Asiiogia'ph%c Catalogue, which is 
a modeiately rapid survey of a veiy large number 
of stars For lefined investigations however these 
errors must undoubtedly be taken into account 
In such cases it does not however sulTice to 
determine the ciiois of the leseau in the laboratory, 
for they are not exactly reproduced in the photo 
graphic copy Every copy varies slightly from 
every other Indeed when we attempt to attain 
a greater accuiacy than has been aimed at in the 
work on the Map, we find a considerable number 
of new difficulties 

Nevertheless it may safely be said that the resenu 
IS of immense value in all photogiapliic work 
A careful determination of errors of the leseau at 
878 different points is given in the Intioduclioir 
toVol I of the Greenwich portion of the Catalogue 
The errors are all less thanO 001 of a leseaii inter vnl, 
and m 

219 cases are less than 0001 

II® »> »> greater than 0001 but less than 0002 

24 „ „ , „ 0002 „ „ „ 0008 

14 „ „ „ 0003 „ „ „ 0004 

0 » „ „ „ 0004 „ , , 0005 

2 „ „ , „ 0006 , , „ 0010 

The two exceptional eases are errors of 00065 
and 00082, at single points only 
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VIII 




The main lealuies of 
the Oxfoxd Catalogue 
are shown by 
tiact horn the fust 
volume, which gives 
measuies of stars on 
plates with eenties in 
decimation l-81°(sl“'vn 

at top of page) To 
each plate theic is a 
heading showing hist 
the RA of the plate 
centie, then the numbei 
of the plate m the 
Oxfoid senes, and the 
date on which it was 
taken, and then 
constants A, B, Ci » 
E F? ^vluch enable us 
to collect the measuies 
to form “ standard co 
oidinates,” 

aiy measures onanideal 

plate, correctly fitted to 

the sky „ 

The foimuH Mag 


+ 81* 


R A 16' 40 

Plato 2260 1003 Api 22 

P) ovtaioml OoMtanla 

^ ^ ^ 

_ 00082 - 00211 - 0116 

D L ^ 

\ 00238 00066 + 0037 

AXoff=17 2-19“''''^ 


No 

31101*1 

31102 , 
34403* 
31101 

31106 
34400 

31107 

31108 
31100 
34410 
31411 

34412 

34413 

34414 
34416 

34416 

34417 

34418 

34419 
34420*1 

34421 

34422 

34423 


d 
30 
30 
38 
17 

9 

20 

10 
23 
11 
16 

13 
10 
12 

14 
14 
19 
12 

13 
22 
40 

8 
9 

14 


ft 

0 306 
3 686 
8 280 
0 328 

10 073 

11 840 

12 600 
16 600 
16 800 
16 031 

19 260 
10 782 
21 296 
21 464 
23 477 
4 220 
4 313 
4 930 
6147 
11 331 
16 344 
18 800 
26 606 


y 

0 437 
0 030 
0 380 
0 114 
0 733 
0 366 
0 681 
0 017 
0 027 
0 800 
0 099 
0 973 
0 020 
0 687 
0 426 
1012 
1 966 
1047 
1700 
1 220 
1 460 
1147 
1609 


j „ » enables us to find the 

The foimuH Mag ^ j-lie mea 

approximate brightness 
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suied diameter of its> photogiaphic image (d), which 
IS given m the second column below The fiist 
column IS meiely a lunning numbci foi leleicnce, 
and the asieiisks mean that the slai maikcd is one 
which has been obseived with the tiansit ciicle at 
anothei obseivatoiy, giving infoimation which en 
ables us to find the above constants A, B, C, etc 
As legalds the second column, it need only concern 
us to lemaik that i blight slai has a laige image 
and a faint stai a sm ill one Thus I he hist sLai 
has d=86 and is blight To find how blight we 
take the squaie loot of d which is 6, multiply 
by 1 36 getting 8 16, and subtiacl this fiom 17 2 
which gives 9 04 so that the stai is of magnitude 
9 04 as given by these measuies Stai No 84406 
which has d=9 would be ol magnitude 18 12 
accoiding to the foimula But this is piobably too 
faint an estimite the foimula is not quite coiiccf 
foi faint images 

The columns foi v and y gi\ e the position of the 
stai, counting by the leseau squaies and fiactions 
of them , a fiom left to light, and y fiom bottom 
to top riieie aie 26 such squaics each way, and 
each of them coiiesponds lo 5' on the sky , so that 
the whole width oi height is 2° 10 The following 
diagiam of an enlaiged poiLion of the plate will 
show the meaning of a, and y moie clcaily 
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IX 

DIAGRAM OF AN ENLARGED PORTION 
OF A PLATE 
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The above diagiam lepiesents an. enlaigevnen 
of a small poition of the plate of which a fe 
measuies aie given in the piecedmg note Tf 
fiist stai, 84401, IS conspicuous in the louei lef 
hand coinei then as we proceed along this botto 
line of squaies to the light, the next tbiee a 
empty, the second stai (84402) having a!=4 51 
which puts it in the fouith sqiiaie more than h6 
way acioss and ^=*0 080 which puts it close 
the bottom line Tlieie are tliiee images of t 
stai, pioduced by exposing the plate three tun 
to the sky in slightly diffeient positions of t 
telescope It is the uppexmost image of whi 
the position is lecoided Hence a small stai win 
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has its lowei images at the top ol the squaie a!=4+ 
IS catalogued undex y=l+, and not undei j/=!0-|- 
The lesl of the stais catalogued in the piecedmg 
note with y—Q-\ , vtr Nos 84103 to 84415, cannot 
be shown on the small pait of the plate which has 
been enlaigcd No 84110, the fiist in line y=l+, 
occuis at a=4 220, and No 34417 is close to it 
The images have been unduly cniaiged to lendei 
them visible at all on the diagiam The whole 
plate consists of 26 x 26 squaies = 676 in all, of 
which only 14 aie shoivn above Theie aie 808 
stars on the whole plate, less than | a stai pei 
square so that 6 stais in 14 squaics is about the 
aveiage 
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X 

STATE OF TUB WORK IN APRIL 1909 


The following summaiy is> taken fiom the Monthly 
Notices of the Royal Asti onomucal Societyi vol Ixx 
p 876 


OlJ3«Vfttorv 

No Plat 8 

j Catalogue Hates 

OtarU 

In sliato 

Measured 

Boducod 

PiiblteUed 

Publl8li«d 

Gieonwioh 

U40 

1119 

1140 

1149 

1149 

Borne 

1040 

— 


$i 

32 

Cfttama 

1008 

00 

— 

30 

— 

HeismgforB 

1008 

079 

670 

262 

— 

Potadam\ 

1232 

300 

280 

207 

— 

Ucoie / 


— 

— 

32 

Oxfoid 

1180 

1180 

1180 

820 

—* 

Pans 

1200 

? 

640 

300 

3S0 

Boicleaux 

1200 

810 

540 

360 

no 

Toulouse 

1080 

008 

? 

180 

177 

Algiei!B 

1200 

017 

426 

280 

833 

San PeTnando 

1200 

1 1126 

823 

0 

226 

Taoubaya 

1200 

1 1121 

360 

0 

108 

Santiago \ 
Hydeiabad/ 

1260 

1 0 

0 

0 

— 

C ordoba 

1360 

209 

? 

0 


Perth 

Cape of Good 

1376 

188 

188 

0 


fiope 

1612 

1402 

803 

0 


Sydney 

1400 

706 

? 

0 


Melbourne 

1140 

1149 

? 

0 
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NOTES 


XI 

THE RESULTS OF THE EROS CAMPAIGN 

In the wintei 1900-1 the lecently discovciecl planet 
Eros was photogiaphecl by many of the co opeiating 
observatoiies foi the purpose of deteimming the 
sun’s distance The Gieemvich lesuUs were dis 
cussed sepalately at Gieenwich and the Lick lesuits 
at that Obseivatoiy, but the ivhole senes was 
collated by Mi A R Hinks of Cambiidge lie 
found the following value foi the solai paiallax 
from these photogiaphic measiues {M N R A S 
Ixix p 667) 

= 8 8067 ± 0 0026 

From visual obseivations made with miciometeis 
he found (ili N Ixx p 603)— 

w = 8 806 ± 0 004 

Incidentally he deteimined the mass of the moon 
to be the 1/nth part of that of the eaith wheie 

n= 81 63 h 017 

and the constant of Nutation to be 

0 213 

and the mechanical ellipticity of the eaith to be 
003278 = 1/806 
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XII 

On leading ovti the pioofs Mi Eddington made 
the following impoilant comment on the aigument 
of pages 37-88 

“ One point may be lathei misleading The 
distuibance ot the latio foi the fiist n magnitudes 
aiises fxom the fact that yon stait fiom the sphere 
of ladius 10 and ignoic the infinite senes of sue 
cessively smallei sphexes within it Theie will be 
glowing stnis on the spheie of ladius 6 3, which 
will be of the second magnitude, and when these 
aie added m the latio of second to thud magnitude 
will again be as 1 to 4 ” 

My leplj^ which has been accepted by Mr 
Eddington, is is follows — 

“ When an aigument is stated m the language 
of eveiyday life, without the help of piecise mathe 
matical notation, it is often neeessaxy to thiow 
oveiboaid some non essential details, though great 
caie must of couise be taken to letain anything 
essential 

“ The till owing oveiboaid of the infinite senes 
of innei sphexes may be justified in the following 
mannei 

“ Suppose that the staxs, instead of being 
aiianged at landom, had been ananged in a 
legulai pattern, so that the distance between any 
stai and its neaiest neighbour was exactly 10 
throughout [We can imitate such a pattern by 
piling up billiard balls m a regular manner 
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eveiv ball would have seveial neighbouis touching 
it, and the distance between the centre of a hall 
and the centic of any ball touching it would be 
the diametei of a ball ] 

“ Then when wc dcsciibc a sphere of ladius XO 
lound any stai as centie, its suiface will contain 
all the nearest stars, rrrd theie mil be none at all 
within it 

“ To such a leguHi aiiangeirrent the argument 
of pages 87-88 will apply strictly, since no have 
an initial suiface to start fiom 
“ The infinite senes of iirnei spheies to which 
Ml Eddington rightly calls attention depends £oi 
its existence on the fact that the aiiangement of 
the stars is not legulai but iiiegulai and the 
difference between these two aiiangements is 
theiefoie thrown oveiboaid as a non essential 
detail in the aignmcnt as slated 
“The aigument must theiefoie not be applied 
as it stands to the existing system, but theie is 
an exact proposition corresponding to it mz 
diversity of intiinsic brightness in the stars cannot 
explain a deoease in the latio in question neat the 
Sun, though it might explain an %nciea(>e 
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